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Chapter I 
THE CHEMCAL SVNTHtSÏS OF VNA FRAGME^S 
Deoxyribonucleic acid (DNA) is a biopolymer which has been at t ract ing the 
attention of organic chemists since the early 1950's. In 1955, Michelson 
and Todd1 reported the f i r s t synthesis of a dinucleotide. Since then sev-
eral approaches have been developed for the preparation of larger o l igo-
deoxynucleotides, and during the last decade many detailed reviews of the 
various strategies have appeared2"10. 
In th is introduction we res t r i c t ourselves to a schematic representa-
t ion of these techniques and a br ief indicat ion of the i r d i f f i c u l t i e s and 
poss ib i l i t i es . 
1.1 Tde phoipkodiziteA. appfrouc/t 
Khorana and coworkers are the pioneers in the f i e l d . The method they dev-
eloped, the phosphodiester approach2, is represented schematically in 
Scheme 1.1. One of the key intermediates is a deoxynucleoside derivat ive 
1, protected at t heS ' - s i t eby the ac id- labi le monomethoxytrityl group. 
The other intermediate is a commercially available deoxynucleotide, which 
has to be protected at the S ' -s l te by an acetyl group. В and B' represent 
base residues carrying a suitable base-labile protecting g r o u p 1 7 " 1 9 at the 
exocyclic amino funct ion, e.g. N6-benzoyl adenine, N2-benzoyl guanine, or 
N1*-benzoyl cytosine. Thymine is l e f t unprotected. 
When compounds 1 and 2 are allowed to react in the nresence of a con­
densing reagent l i k e N.N'-dicyclohexylcarbodiimide (DCC) or 2 , 4 , 6 - t r i i s o -
propylbenzene sulphonyl chloride (TPS-C1), the protected dinucleotide3 is 
obtained as a phosphodiester. 
Following the removal of the З'-O-acetyl group with base, stepwise ex­
tension of the sequence is possible in the S'-d i rect ion. Deprotection of 
the complete sequence is a two step procedure (base followed by ac id) . 
Though impressive results have been achieved using the ohosphodlester 
approach2»1 1, the chemical synthesis of DNA fragments by th is method re­
mained a task which could only well be performed by those who did not 
shun tedious p u r i f i c a t i o n operations. This is mainly a consequence of 
the fact that the protected oligodeoxynucleotides are obtained as charg-
1 
ed phosphodiesters (like compound 3, Scheme 1.1). This leads to 5· 7: 
1. poor solubility in organic solvents, hampering intermediate puri-
fication and decreasing the yields 
2. formation of (reactive) by-products, viz pyrophosphates, during 
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Scheme 1.1 The. phoiphodiuteA аррыник 
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1.2 The pfio^ pfeo^ LtaA-feA app/ioach 
Soon i t became clear that the ever growing demand for DNA-fragments hav­
ing a defined sequence could not be satisfied by the aoplication of the 
rather laborious phosphodiester method. Nevertheless, i t lasted to the 
second half of the 1960's before Letsinger1 2, Reese13, and f inal ly Eck-
stein11*, re-introduced the phosphotriester approach previously used by 
Michelson and Todd1. Later, in 1973, the method was further refined by 
the modifications independently developed by Cramer15 and Narang16. Nowa­
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Scheme 1.2 The phoipho&Utet&n. appioach. 
The deoxynucleoside derivative 4, protected at the 5'-site by the acid-
labile 4,4'-dimethoxytrityl (Dmt) group is a key intermediate. Original­
ly, the base residue (B) was again thymine or N-acyl protected adenine, 
guanine or cytosine. Thus, in this respect, Khorana's original approach1 7 - 1 9 
was followed. However, for several reasons (e.g. easy deprotection, sup-
3 
pression of the acidic hydrolysis of purine ami nal bonds during the rep­
et i t ive removal of the Dmt group) other amino protecting groups have been 
proposed20"28 in subsequent years. In the so-called ' f i r s t step', the 
deoxynucleoside derivative 4 is phosphorylated at its З'-site by the re­
agent 5. 
Treatment of the resulting activated deoxynucleoside 3'-phosphate 
with 2-cyanoethanol gives the fully protected nucleotide 6. This compound 
is either partially deprotected with a base (ЕІзМ) to give the phospho-
diester 7, or with acid to yield the deoxynucleotide derivative 8, hav­
ing a free 5'-hydroxy1 function. 
Compounds 7 and 8 are then condensed by the action of the coupling 
reagent 9, to give the fully protected di nucleotide 10 ('second step' of 
the approach). This compound is obtained as an апскалдЫ phoiphot/UuteA, 
I t s solubility in organic solvents is excellent, allowing the application 
of simple purification techniques such as silicagel chromatography. More­
over, the phosphate moieties do not interfere with subsequent chemical 
steps. The coupling reaction is supposed to proceed via. a phosphoric-
sul phonic acid anhydride2 9 ·3 0, generated -in dita from the phosphodi ester 
and the coupling reagent 9. Nucleophilic attack by another molecule of 
the phosphodiester 7, yields a reactive pyrophosphate t e t r a e s t e r 3 1 . 3 2 
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Scheme 1.3 Iniwmeüaie pywphoiphcUz іеЛла.глігл 
Among the various semi permanent phosphorus-protecting groups which have 
been advocated, l ike the 2,2,2-trichloroethyl-, N-phenylamide-33, 9-
fluorenylmethyl-35, phenylthio-36, 2,2,2-tribromoethyl-37, 5-chloro-8-
quinolyl-3 B and 4-n1trophenylethyl39 group, only the p-chlorophenyl- and 
the o-chlorophenyl31* group have gained a wider acceptance. They can be 
cleaved selectively by aldoximate ions"0. Much attention has been devot-
4 
ed to the development of a suitable condensing reagent. The reagent 2,4,6-
triisopropylbenzenesulphonyl chloride (compound ?, Scheme 1.3; R=iso-
propyl; X = C1) which has been developed by Khorana's group1*1 and was a l ­
so applied by Cramer15, has repeatedly been modified (e.g. ЦгСНз1*2 or isc-
propyl1*3 and X = tetrazole1*2 or S-nitrotriazole'*'*). Also, reagents of the 
qui nolyl sul phony! type have been recommended'*5·'*6. 
Very recently, phosphorochl ori dates have been proposed1'7·1'8 for the 
direct generation of a reactive pyrophosphate tetraester of type 11 
(Scheme 1.3). These efforts have been made to suppress a serious side 
reaction, viz the sulphonylation of 5'-unprotected nucleoside deriva­
tives (e.g. 8 in Scheme 1.2) during the second step of the phosphotri-
ester approach. 
Besides, some studies have been devoted to the accelarati on of the 
second phosphorylation step, by the development of suitable catalysts'*9»5 0. 
This is of importance when phosphodiesters of type 7 (Scheme 1.2) are 
used in solid phase syntheses. 
Other serious side reactions occurring in the phosphotriester method 
lead to modification of guanine5 1·5 2 and thymine residues 5 2 · 5 3 during 
oligodeoxynucleotide synthesis. These reactions arise from the electro-
philic a t t a c k 5 1 - 5 9 of condensing (9, Scheme 1.3) and phosphorylating re­
agents (5, Scheme 1.2) on the amide functions of guanine and thymine, 
when these are l e f t unprotected. Recently, suitable methods for the pro­
tection of the guanine 5 6 · 5 8 » 6 0 , 6 1 and thymine amide moieties5 9»6 2 have 
been described (ci$ Chapter 7). 
1.3 The hydfLOxyb&nzot>Ua.zo¿í {HOBt) рІіоіркоілАеліел apptioach 
The hydroxybenzotriazole (HOBt) phosphotriester approach, a modification 
of the phosphotriester method, has been developed by van Boom and cowor-
kers 6 3 " 6 6 . This method is based on the application of the bifunctional 
phosphorylating reagent 12a (Scheme 1.4). This agent exhibits a surpris­
ing difference in reactivity of the leaving groups during the phosphory­
lation of hydroxyl functions of partially protected DNA fragments63. This 
behaviour makes the reagent 12a very suitable for the synthesis of DNA 
fragments in solution (Scheme 1.5). 
Treatment of an N-protected deoxynucleoside derivative, blocked at the 
5'-side by a suitable protecting group, e.g. 4,4'-dimethoxytrityl ( 4 ) , 
with a nearly stoichometric amount of 12a, yields the pertinent inter­


























а 5'-unprotected deoxynucleoside 14 (R 2» protecting group), gives, in 
the presence of N-methylimidazole, the fully protected dinucleotide 15a. 
When a deoxynucleoside solely protected at its base residue (14, R2 = H) 
is used In the second phosphorylation step, a selective reaction67at the 
primary S'-OH group takes place, giving the partially protected dimer 15 
(R2 = H). 
Intermediates 13a have also been applied in solid phase syntheses 6 6· 6 9. 
Recently, reagent 12b (Scheme 1.4) has been developed and subsequently 
used for the synthesis of deoxynucleotide derivatives 13b. Application 
of such intermediates in solid phase syntheses leads to DNA-fragments 
having chiral internucleotide phosphorothiotate groups70. The HOBt ap­
proach has been of general applicability in the synthesis of nucleosides 
containing polyphosphates72-711. For this purpose, reagent 12c (Scheme 
1.4) is used for the phosphorylation of the nucleoside hydroxyl function, 
so that nucleoside phosphoromorpholidates are obtained. These are known 
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Scheme 1.5 The. hyd>LO\ybenzotiUazol(L phoiphoùUeAteA apptoadi 
The HOBt approach has undoubtedly some very important advantages over the 
phosphotriester approach (Ц Chapter 1.3): 
1. no condensing reagents (of type 9, Scheme 1.2) are necessary for 
the formation of 3'-5'-phosphotriester linkages, no by-products being 
formed 
2. the selectivity in the second phosphorylation step constitutes a 
very useful feature 
3. in contradistinction with the phosphotriester approach, side re­
actions on thymine and guanine amide moieties do not occur i f proper 
conditions are applied. 
7 
1.4 The phoipkiXz tfUuteK approach. 
1.4.1. The phoaphonodntoiidiXe. meXhoi 
The phosphite t r i e s t e r approach has been introduced by Letsinger and 
c o w o r k e r s 7 5 » 7 6 . The method was based on the useof t h e b i f u n c t i o n a l phos-
p h i t y l a t i n g reagent 18a (Scheme 1 . 6 ) . This r e a c t i v e phosphorodichlori-
B 
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Scheme 1.6 The pho¿pho>wcJito>Ud¿te. meXhod 
d i t e reacts a t very low temperatures ( - 78 0C) with the 3'-unprotected 
thymidine derivative 16 (R1 = phenoxyacetyl, B = T ) , to give the interme­
diate thymidine phosphorochloridite 19a (R1 = PhOAc, B = T). This was not 
isolated, but immediately brought into reaction with the deoxynucleoside 
derivative 17 ( В ' г Т , R2 = monomethoxytrityl), to give the phosphite t r i ­
ester 20. Oxidation of this compound with iodine gave the fully protect­
ed dinucleotide 21a (R^PhOAc, R2 = Mmt, 8 = 8' = T ) . After removal of the 
S'-O-phenoxyacetyl group (R 1 ), with a base, stepwise extension gave a 
pentadeoxynucleotide in satisfactory yield. 
Later on, methyl phosphorodichloridite (18b, Scheme 1.6) was intro­
duced77 for the phosphitylation of deoxynucleoside derivatives 16 (Scheme 
1.6; R'sDmt, В = N-orotected G, C, A or unprotected T) according to the 
f i r s t step of the procedure depicted in Scheme 1.6, yielding deoxynu-
cleoside-S'-methyl phosphorochloridites 19b, which have been used in so­
l id phase syntheses8 1"8 3. 
Indeed, the very rapid coupling reactions achieved with 19b are an 
advantage of this method over the phosphotriester strategy in solid phase 
syntheses. Moreover, modification of the coimranly applied oxidation proc­
edure (Іг/НгО) makes seleno-7 8, imido-79 and thiophosphate-79 analogues 
of (deoxy)ribonucleotides readily accessible. On the other hand, the moi­
sture sensitivity and extremely short shelf l i f e of the deoxynucleoside 
phosphorochloridites 19 are serious disadvantages of the method. More­
over, the -tn ¿¿tu preparation of compounds 19 is always accompanied by 
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Though this З'-З' linked dinucleotide does not interfere with the furth­
er progress of a solid phase procedure because of the absence of reac­
tive groups, i t has to be separated after every coupling step during syn­
theses in solution. The formation of compound 22 has been claimed to oc­
cur to a much lesser extent i f , instead of the phosphorodichloridites 18, 
phosphoroditriazolides are used for the preparation of solid phase inter­
mediates80. 
Recently, l,l-dimethyl-2,2,2-trichloroethyl phosphorodichloridite 
9 
(18ç, Scheme 1.6) has been introduced81*·85. This reagent gives deoxynu-
cleoside phosphorochloridites more selectively, and higher selectivity 
is also observed in the second phosphitylation step81*. A deoxynucleo-
side only protected at the exocydic amino function (e.g. 17, R2 = H, 
Scheme 1.6) can well be used for this step ( Ц Chapter 1.3). 
1.4.2. The phobphonxmLcLLte. appnuach. 
The development of the phosphoramidite approach by Caruthers and co­
workers88 can be regarded as a break-through in the phosphite method for 
the synthesis of DNA-fragments. The first representatives of the class 
of active deoxynucleoside phosphites required for this type of solid 
phase syntheses are the Ν,Ν-dimethylamino phosphoramidites 24a (Scheme 
1.8 . These compounds are prepared from methyl phosphoro-(N,N-dimethyl-
amido)-chloridite 23a and a properly protected deoxynucleoside 4, using 
N.N-diisopropylamine as a base 6 7. Other procedures have also been pro­
posed 8 8· 9 1 . 
Compound 24a (Scheme 1.8) is far more stable (its preparation includ­
es even an aqueous work-up) than the corresponding deoxynucleoside phos-
phorochloridite 19b (Chapter 1.4.1, Scheme 1.5). However, protonation92 
of the nitrogen atom of this phosphoramidite by a weak acid such as 
1-H-tetrazole, renderes the phosphorus atom extremely susceptible to­
wards nucleophilic attack93, allowing extension with another nucleoside 
unit. 
Later on, the diisopropylamino and morpholino derivatives 24b and 24c 
were introduced91*·95. These compounds, which can be purified by silica-
gel chromatography91*·96 (c.{ Chapter 4 and 5), exhibit a still greater 
stability than compound 24a.(Scheme 1.8). 
Intermediates 24 have gained a wide acceotance in solid phase syn­
theses9"*"98. There are, however, two major disadvantages, which are in­
herent in the presence of the methoxy phosphorus protecting group in 
the intermediates 24. One of these is that the cleavage of this protec­
ting group from fully protected DNA fragments, by the thiophenolate 
ion 9 9, is always accompanied with some internucleotide cleavage100. 
This side reaction (mechanism 2, Scheme 1.9) results from the attack of 
the thiophenolate ion at the S'-carbon atom of a deoxynucleoside moiety 
instead of the methyl group of the phosphate (mechanism 1). 
The second disadvantage is a side reaction occurring in thymine res­
idues during solid phase syntheses. This remarkable reaction, leading 
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Scheme 1.9 OipnotieXÁ-on oí the. phoiphatz pnote&tinQ gioup and umoanted 
&Ыг KtAcJÄon by tfUophznolaXe. 
been shown to result from the presence of methyl-protected Internucleo-
tide phosphate groups. The reaction is not reversible under the conmon-
ly applied deprotection conditions (viz thiophenolate, aimonia and fin-







Many efforts of the present research with respect to the phosphoramldite 
approch are focussed on: 
1. the development of phosphorus-protecting functions, more suitable 
than the methyl group 1 0 2 " 1 0 9 (c< Chapter 2-6) 
2. the use of deoxynucleoside phosphoramidites for the synthesis of 
DNA-fragments in s o l u t i o n 1 0 2 » 1 0 3 · 1 0 5 · 1 0 6 · 1 ^ (c¿ chapter 6) 
3. the use of other activating reagents instead of the conmonly em-
ployed l -H- te t razole 1 0 2 · 1 0 3 » 1 0 5 · 1 1 0 · 1 1 1 (cd Chapters 4-6) 
4. the development of in. ¿¿tu methods for the synthesis of deoxynu-
cleoside phosphoramidites90·91. 
1.4 .3 . 0u££¿ne otf .the tkeAii 
This thesis deals with the application of the principle of e-elimina-
tion to the synthesis of DNA-fragments. The main part of the thesis 
(Chapters 2-6) is devoted to the development of suitable phosphorus pro-
tecting groups of the general type НЗОгСНгСНг-. 
Chapter 2 describes the application of the 2-(methyl sul phenyl)ethyl 
(Mse) group as a base labile protecting function for the two hydroxyl 
functions in phosphoric acid monoesters. A new phosphorylating reagent, 
bis[2-(methyl sulphonyl)ethyl]phosphorochlori date, has been synthesized 
and subsequently used for the phosphorylation of some model compounds. 
The rapid and selective cleavage of Mse-functions from phosphotrl- and 
diesters is studied with these compounds. 
Chapter 3 describes a convenient route to phosphorodichloridites 
(ROPCI2) which are of interest for the synthesis of DNA-fragments via the 
phosphite triester approach (Chapter 1.4). 
Special attention is then devoted to the new phosphorodichloridites, 
which incorporate 2-[ar(alk)ylsulphonyl]ethyl protecting groups. Their 
applicability in the solid phase synthesis of DNA fragments ід the phos­
phoramldite approach (c¿ Chapter 1.4.2) is studied in Chapter 4. 
12 
Chapter 5 describes the rapid solid phase synthesis of DNA fragments, to 
serve as probes in biochemical experiments, vin. the Mse-phosphoramidite 
approach. 
The synthesis in ¿otatlon of spin-labeled d i - and tri-deoxyadenylates 
is described in Chapter 6. A new spin-labeling technique is presented. 
The strategy of the synthesis, which is based on the use of the phosphityla-
ting reagent 2-(.te/i-t-butylsulphonyl)ethyl phosphorodichloridite, allows 
for a one-step deprotection of desired products with a base. The spin-
labeled nucleotides have been used for 1H NMR studies involving the 
single strand DNA-binding gene-5 protein of the filamentous phage IKE. 
In Chapter 7, the synthesis of 4-nitrODhenylsulDhonyl ethene is 
described. The 2-(4-nitrophenylsulphonyl)ethyl group is proposed as a 
new amide protecting group in oligonucleotide synthesis іл the phospho-
triester approach. A one step procedure for the protection of the base 
residues in the nucleosides uridine and thymidine is proposed. 
13 
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Chapter 2* 
B I S [г- ( M E T H m ü L P W w u n m ] PHOSPHOROCHLORIPATE, 
A NEW PHOSPHÖRVLATING AGEM 
ABSTRACT 
This chapter describes the application of the 2-(methylsulphonyl)ethyl 
group (Mse) as a base-labile protecting group for the two hydroxyl func-
tions in phosphoric acid mono-esters. Due to i t s perfect s t a b i l i t y to -
wards acids, the Mse group can function as a stable protecting group in 
a phosphorochlori date, providing a suitable phosphorylating agent. Some 
model phosphorylations are presented, and the reaction is applied to 
the synthesis of bis[2-(methylsulphonyl)ethyl] tyrosine phosphate. Remov-
al of the Mse functions is achieved ef fec t ive ly and extremely rapidly in 
alkal ine media. The estimation of the minimum conditions necessary for 
the removal of one or both Mse functions from bis[2-(methylsulphonyl)-
ethyl] p-nitrophenyl phosphate and from a tyrosine derivative is des-
cribed. 
INTRODUCTION 
Many natural products (sugar der ivat ives, nucleic acids, l ip ids and even 
some proteides) contain one or more phosphate ester groups. Meaningful 
studies, aimed at the synthesis of such compounds, require the tempora-
ry es ter i f i ca t ion of at least one of the hydroxyl functions of the phos-
phate groups being introduced. Durable protecting groups derive the i r 
usefulness from two factors \J¿Z. su f f i c ien t s t a b i l i t y to res is t the re-
action conditions of the synthesis and the a b i l i t y to undergo a selec-
t i ve cleavage method, once the end-product has been obtained in the pro-
tected form. Guarding functions which approximate these c r i t e r i a have a l -
ways been sought, but few of the known1 protecting groups are of general 
app l i cab i l i t y . 
Some years ago our group introduced the 2-(methylsulphonyl)ethoxycar-
bonyl (Mse) group fo r the protection of amino functions in peptide syn-
t h e s i s 2 · 3 , and short ly afterwards some derived applications of the re la-
*Recl. Trav. Chim. Pays-Bas \03, 196-202 (1984). 
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ted 2-(methylsulphonyl)ethyl (Mse) group were described1*·5. The appli-
cation of these groups is based on the fact that they can be removed by 
^-elimination instead of by hydrolysis6. The Msc as well as the Mse der-
ivatives appeared to be very stable in acidic media and extremely sensi-
tive towards hard bases. Thus, treatment with an excess of a hard base 
at 0.1-0.2 molar concentration leads to complete removal of these func-
tions within a few seconds. 
As a consequence of this very high reaction rate, all other possible 
base-catalyzed reactions of a substrate can, inmost instances7, be com-
pletely suppressed by i média te quenching of the base. The seemingly 
drastic, but extremely short cleavage procedure has proven harmless, 
even when applied to sensitive compounds such as insulin16 and cyto-
chrome c1 7 . 
In this chapter the application of the Mse group as a protecting 
function for the hydroxyl groups of phosphoric acid is described. This 
is a reasonable approach in that the phosphate moiety can readily be in-
troduced in the protected form, namely as a phosphorochloridate. 
THE REAGEWT 
Phosphorochlori dates (R02)P0C1, are very reactive compounds, which may 
decompose during their synthesis or upon storage. A notable exception 
is the 2,2,2-trichloroethyl derivative; treatment of 2,2,2-trichloro-
ethanol with a phosphorus trihalide gives the corresponding phosphite 
without formation of 1,1,2,2-tetrachloroethane. The phosphite can be oxi-
dized to the chloridate18. We have found that 2-(methylsulphonyl)ethanol 
behaves similarly (Scheme 2.1). 
In acetonitrile as solvent, the exclusive product is 2-(methylsulpho-
nyl)ethyl phosphorodichloridite (Мзе-ОРСІг)8 . In the slightly more basic 
tetrahydrofuran, however, tris[2-(methylsulphonyl)ethyl] phosphite (1) 
is formed and preci DÌtates as an insoluble o i l . In the presence of hy-
drochloric acid, liberated during the reaction, the product decomposes 
slowly. When the biphasic reaction mixture is le f t for 16 hours at room 
temperature, a partial conversion to bis[2-(methylsulphonyl)ethyl] phos-
phite (2) takes place. Subsequent oxidative chlorination leads smoothly 
to bis[2-(methylsulphonyl)ethyl] phosohorochlondate (3). This compound 
precipitates from the clear solution which results from the introduction 
of chlorine. The coarse crystals can be stored for periods of over two 
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Scheme 2.1 Synth&éii oi Ыі [2-ImeXhytouZphonyí} zthyl] рколркоіосіііс/и-
dctfe. (J) by oudüZive. ahZollnation oí £>i¿A[2-lmeXhy¿iuZpho-
nyt]eXkyl] pho¿ph¿£e. (I) 
years in the absence of humidity at 4 C. 
The usefulness of 3 for the introduction of protected phosphate res-
idues was investigated using a series of model compounds (Scheme 2.2). 
a. Sodium p-nitrophenoxide in dry aceton i t r i le gave, at room temperature, 
the t r i es te r 4 in 85% y i e l d , as a stable colourless so l i d . 
b. Alcohols [p-nitrobenzyl alcohol and 2-(methylsulphonyl)ethanol] reac-
ted rapidly in dry pyridine to give again crys ta l l ine compounds (5 
and 6) ; tr is[2-(methylsulphonyl)ethyl] phosphate (6) dissolved easily in 
water. 
c. N-(Benzyloxycarbonyl)-L-tyrosine benzyl ester was selected as a phen-
o l i c compound with rather low reac t iv i t y (Scheme 2.3). The best solv-
ent for th is phosphorylation turned out to be pyridine and the t r i es te r 
7 was isolated in 70% y i e l d . Due to the longer reaction t ime, the occur-
rence of a slower running reaction was favoured as evidenced by the for -
mation of a colourless, non-hygroscopic precipi tate of highly polar 
charater. The compound was isolated by f i l t r a t i o n and recrystal l ized 
from ethanol. Elemental analysis and NMR spectroscopy showed i t to be 
N-[(2-methyl sul phony l)ethyl] pyridinium chloride (8) . This product proba-
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Ыу originated from the nucleophilic attack of pyridine on the pyri-
dinium compound 3a, leaving zwitterionic 2-(methylsulphonyl)ethyl pyri­
dine ophosphonate (9) which is easily lost during the work-up. 
d. Morpholine again reacted rapidly with 3 to give an amidate (10) as 
the sole product (apart from morpholine hydrochloride). Phosphor-
amidates are of interest since they can be used for the introduction of 
phosphoric acid residues in existing phosphates19. In the reaction, two 
equivalents of morpholine were reacted with one equivalent of 3 in dry 
acetonitrlle and the reaction product was obtained in ВЭ% yield by crys­
tal l ization from ethanol. 
ЕРЯОТЕСТЮИ OF HETHVLSULPHONVLETHVL PHOSPHATES 
a. The 'ihoit-hijh' method 
In order to study the best conditions for removal of guarding func­
tions from a protected phosphate, 4 was used, since I t contains the base-
labile p-nitrophenoxy group. The deprotection was effected by subjecting 
the compound to conditions which cause B-el1m1nation (Scheme 2.4). 
As in the deprotection of W-[2-(inethylsulphonyl)ethoxycarbonyl] amino 
acids and peptide derivatives2 - 1', the reagent was dioxane/inethanol/4 N 
NaOH (14/5/1). The reactive species is thought to be the methoxide ion, 
the triggering reaction is the removal of a proton adjacent to the sul­
phonyl group, and the final reaction product 2-(methylsulphonyl)ethyl 
methyl ether, the latter being the result of the nucleophilic addition 
of methanol to the nascent methyl vinyl sul phone. (c(¡ Chapter 7) . 
Complete deprotection of two latent hydroxy functions of the phos-
phate was effected in less than 5 seconds without the release of a trace 
of p-nitrophenol when an excess of the base was used in an in i t ia l con-
centration of 0.2 M. The expulsion of the p-nitrophenoxide ion requires 
a nucleophilic attack of methoxyl ion at phosphorus (5ДЕ mechanism). 
This process clearly follows the removal of a proton in an Mse group 
and the concomitant development of a negative charge on oxygen. The l a t ­
ter protects the molecule as a whole from attack by a second methoxyl 
ion, predominantly at phosphorus and to a lesser degree at the second 
Mse group, thus giving access to partial deprotection. Using 1.1 equiv­
alents of the base (5 sec- 30 min), the partially protected phosphate 
ester Π was obtained in 95% yield. Deprotected p-nitrophenyl phosphate 
(12) was isolated as the bis(cyclohexylaninonlum) salt. 
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Scheme 2.3 Phoiphoiylation 0(j W-(benzi/£oxi/caAbon!/£)-I.-Í!/A04¿Me benzyl 
еліел. and the competing {¡onijxvUon oh N-12-[mtthylòulphonyl]-
etkyi] pyUdinium chloude (S) 
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¿i the EjcB mechani&m21 
b. Using a nejuftai mcteopkite 
When anmonia was di st i l led from sodi urn and led directly into carefully 
dried acetoni t r i le containing 4, no reaction was observed during 30 minutes, 
apart from the development of a faint yellow colour. Addition of water 
(0.01%, 0.2% and 2%) enhanced the deprotection rate progressively. 
Tlie monoanrnonium salt l ib precipitated in high yield (81% after re-
crystallization) after 30 minutes. Compound l ib is formed much more rap-
idly when 4 is treated with a mixture of equal amounts of dioxane, meth-
anol and concentrated anmonia. Partial deprotection lasts for about 2 
minutes and complete deprotection (to give the anion of 12) for about 
30 minutes. I f neutral triesters (e.g. 4-7) are deprotected in thisway, 
a by-product is detected. I t was isolated from the deprotection mixture 
of 6 and subjected to mass spectrometry which showed i t to be 2-(methyl-
sulphonyl )ethyl amine. The trace amount of p-nitrophenol, which is visibly 
released by ammonia under water-f ree conditions, originates from the (nucleo-
phil i с formation of trace amounts of phosphorami dates (c¿ ref. 20) but is not 
present in sufficient quantities to be detected by TLC. Upon addition of 
water, a small quantity of a hard base (OH") is produced, which reacts 
as shown in Scheme 2.4. 
The formation of the f i rst complete negative charge prohibits further 
attack by hydroxyl ions at the prevailing concentration. When using d i -
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oxane/niethanol/25% aqueous ammonia for deprotection, the base concen­
tration is much higher (4.5 M) and the second Mse group is also eventu­
ally detached, although the reaction rate is much lower. During the 
process ammonia becomes alkylated. 
I t is questionable whether в-elimination plays a significant role 
here since the nucleophilic attack of an ammonia molecule at α-C ex­
plains a l l the observed phenomena, including the lower reaction rate. 
On the other hand, a possibility exists that methyl vinyl sulphone, gen­
erated via. в-elimination, wil l alkylate alimonia to give 2-(methylsul-
phonyl)ethyl amine (c¿ Chapter 7). The process is exemplified by re-
moval of one Mse function from compound 7 to give 7a (see the experi-
mental part). 
с Sfc£ec¿¿on o¿ optunat сотііЛіопб ioti dzptottction 
We recommend that, prior to the deprotection of an Mse or an Mse com­
pound according to the 'short-high' method, the minimal deprotection con­
ditions are determined. The quantity and the concentration of the base, 
the composition of the deprotection mixture and the optimal reaction 
period can be infered from a quantitative chromatographic comparison 
of one or more series of samples in which these variables are changed 
(Fig. 2.1). This procedure is described in the Experimental Section. 
Ш inv 
Fig. 2.1 Reptoduc-tcon o¿ the. TLC piati u&e,d ¿оя the. eAtünatíon orf thz 
mirUmat deptiotection pe/Uod o& 7. Two Mie íunctíovu evie aùnoit 
completely ¿oit uiLtkin 5 ¿econdi. The benzyl e¿teA ¿i compleXtly іеліо -
ed in about Ì20 ¿econdò. 
Sol\;e.nt: ВиОН/АсОН/шіел (4/J/)).· detection chZo/Une-TVM te¿t27. Fwi-
theA dttoLti one given ¿η the Ехрелмпепіаі Section 
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Hydrogenolysis of compound Ζ was performed in a 0.05 molar solution of 
hydrochloric acid in methanol. The zwitterionic product, bis [2-(methyl-
sulphony1)ethyl] tyrosine phosphate (7b), was isolated by isoelectric 
precipitation from an alcoholic solution of the corresponding hydro­
chloride, in high yield. 
EXPERIMEWTAL 
B¿il2-lmeXhyl6ulphony¿)z¿hyl] phoòphoAochtotUdaXz (3) 
Into a 250 ml three-necked round-bottommed flask, equipped with a 
thermometer, a stirrer with an air-t ight bearing and a dropping fun-
nel equipped with a sealed-on tube for pressure equalizing, were placed 
24.38 g (200 mírales) of 2-(methylsulphonyl)ethanol dissolved in 50 ml 
of dry tetrahydrofuran. The dropping funnel was charged with a solution 
of 2.16 g (66.7 timóles) of phosphorus trichloride in 25 ml of dry te-
trahydrofuran and closed with a tightly f i t t ing stopper. 
The contents of the flask were cooled to +5 0C and the acid chlor-
ide was run in at a rate of about 30 drops per minute, depending upon 
the evolution of heat. After the addition of about half of the phospho-
rus trichloride, the reaction mixture became turbid with the separation 
of a liquid phase. At the end of the addition, the stirrer was stopped 
and the two-phase system was lef t for 16 hrs at room temperature in the 
dark. Subsequently, dry chlorine was introduced with vigorous stirring 
and cooling (ca 0°) at such a rate that the temperature was maintained 
between 20 and 25 CC. 
The contents of the flask became homogeneous and a transient yellow 
colour appeared when some unreacted chlorine was s t i l l present. After 
about l i hrs,the clear solution suddenly became turbid and a heavy pre-
cipitate crystallized. The evolution of heat ceased. The introduction 
of chlorine was terminated after2hrs,when the fading of the yellow col-
our became slow (tS min). Overdosage of halogen deteriorates the product. 
Volatile components of the reaction mixture (HCl and CI2) were remov-
ed partially by the introduction of a current of dry nitrogen and the 
coarsely crystalline chi ori date was f i l tered on a sinter f i l t e r . The 
compound was quickly washed on the f i l t e r (with about 80 ml of tetra-
hydrofuran) and dried ¿n vacuo over phosphorus pentoxide. The yield was 
1.92 g (88%). The compound melted at 92-94 0C and contained 98% of hy-
drolysable chlorine. 
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NMR: methyl, s, «3.05, 6Η; fl-CH2, t , «3.60, 4Η, J 5.5 Hz; 0-CH2. dt, 
«4.72, 4H, JH-H 5.5 Hz and Jp-н 8.5 Hz. 
B¿4 [Ζ- lmeXky¿&iLÍphony¿) eJky¿] p-nctsiophtnyZ phoiphate. (4) 
Crystalline sodium p-nitrophenoxide was dehydrated ч.и VOCILO at 60 0C 
over phosphorus pentoxide. The resulting orange red salt (1.78 g, 11 
moles) was added in one batch to an equimolar amount (3.62g. Humóles) 
of the chloridate 3 in 110 ml of acetonitrile. The flask was inmediately 
closed and its contents stirred magnetically. The coloured salt gradual-
ly went into solution and a white precipitate (NaCl) formed. After the 
discharge of the colour (20 min), the solution was f i l tered and the 
f i l t ra te evaporated ¿n vacuo. The resulting yellow oil was dried in 
high vacuum and crystallized spontaneously on scratching. The compound 
was recrystallized from hot methanol and 4.07 g (85.5%) of white crys-
tals were obtained, which melted at 107-108 0C. The triester was chro-
matographically pure: Rf 0.78 (CHCb/MeOH 2/1) , Rf 0.53 (BuOH/AcOH/water 
4/1/1) , Rf 0.72 (EtOAc/Pyr/AcOH/water 62/21/6/11). 
NMR: methyl, s , «3.05, 6H; B-CH2, t , «3.50, 4H, J 5.5 Hz; a-CH7, dt , 
64.57, 4H, JH_H 5.5 Hz, Jp-н 7.0 Hz; aryl, 2 x d , «7.92, 4H, JH-H 9.0 Hz. 
Analysis, caled, for α12Η1θΝ010Ρ52 (431.38): С 33.41, Η 4.21, Ν 3.25; 
found: С 33.20, Η 4.14, Ν 3.12%. 
B¿A{cyiL&ohzxy¿aimon¿im] p-nitnophznyt phoiphaXi (12) 
The triester 4 (380 mg, 0.88 imrale) was dissolved in 8.75 ml of a mix-
ture dioxane/methanol (14/5) and, while stirring vigorously, 4 N sodium 
hydroxide (688 μΐ) diluted with 4.3 ml of the same dioxane/methanol mix­
ture was added rapidly. After 20 s total reaction time, the excess of 
base was quenched by injection of 150 ul of glacial acetic acid. The 
precipitate which formed on addition of the base remained after the ad­
dition of acetic acid and was f i l tered. Rf 0.41 (BuOH/AcOH/water 4/1/1), 
Rf 0.22 (EtOAc/Pyr/AcOH/water 62/21/6/11). 
The salt - a hydrated compound (0.260 g) which retained its water for 
1 h at 1 mmHg - was rapidly hydrolyzed by phosphatase of potato (acid 
phosphatase) at 37 0C when dissolved in an acetate buffer of pH 5. The 
salt converted into the bis(cyclohexylamnonium) salt by the addition of 
two molar equivalents of cyclohexylammoni um chloride in aqueous solution. 
The precipitated salt melted at 199-201 0C. Analysis, caled, for 
СівНзгМбР (417.434): С 51.79, H 7.73, Ν 10.07; found: С 51.44, Η 7.66, 
Ν 9.81%. 
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SocUm 2-Imztíiyliaíphonyt) íthyl p-rU&iophznyl phoiphcute. ( l ia) 
The triester 4 (2.66 g, 17 rimóles) was dissolved in 60 ml of dioxane/-
methanol (14/5) and 4.63 ml of 1.4 N aqueous sodium hydroxide, previously 
diluted with 27.9 ml of the same dioxane/methanol mixture, was slowly ad-
ded with st irr ing. The amount of base equals 1.05 equiv. at a concentra-
tion of 0.07 M. Excess of base was quenched with a drop of glacial ace-
t ic acid and the solution was evaporated In vacuo. Upon removal of the 
organic solvents, by the addition of water and re-evaporation, crystal-
lization occurred. The crystals were collected by f i l t rat ion and washed 
with tetrahydrofuran. 
Yield 1.95 g (95%), Chromatographically pure. Rf 0.24 (СНСІз/МеОН 
2/1), Rf 0.45 (BuOH/AcOH/water 4/1/1). 
Атоішип 1-[m&tiiylbuJLphonyl]vthyl p-nitlophe/iyZ pkoiphati (lib) 
The triester 4 (1.92 g, 4.45 mnoles) was dissolved in acetonitrile 
(50 ml) which had not been previously dried, and gaseous ammonia was 
slowly blown in. The product ( l ib) crystallized spontaneously 30 min 
after the supply of ammonia had comnenced. Fifteen minutes later the 
current of aimionia was dicontinued and the reaction mixture l e f t for 
a further 45 min. The precipitate was collected by f i l t r a t i o n on a sin­
ter funnel and washed with cold acetonitrile. Recrystalllzation from 
acetonitrile afforded colourless, needle-like crystals (1.22 g, 81%) 
melting at 142-143 0C, which were chromatographically homogeneous. 
Rf 0.24 (СНСІз/МеОН 2/1). NMR: methyl, s, S2.97, 3H; B-CH, (lost 
in HDO signals of DMS0-<i6); a-CH2, dt, 64.08, J^-H 5.5 Hz and Jp.H 
7.0 Hz, 2H, a r ^ l , 2 x d , 67.78, J H . H 9 Hz, 4H. IR: SO2, 1315 cm"1 (weak), 
1135 cm-1 (strong); aryl-H, 1595 cm"1 (strong); агуІ-МОг. 1515 cm"1 and 
1350 cm"1 (both strong); phosphate P=0, 1255 cm"1 (strong); P-0-aryl, 
1173 cm"1 (weak); P-0-alkyl, 1035 cm"1 (strong). Analysis, caled, for 
C9H]5N208PS (342.27): С 31.58, H 4.42, Ν 8.19; found: С 31.59. Η 4.39, 
Ν 8.04%. 
I f water was rigorously excluded from the reaction mixture, the t r i ­
ester 4 was not attacked by NH3 over 30 minutes, as judged from TLC. 
For comparison, three experiments were carried out using water-free ace­
tonitr i le to which water was added toa concentration of 0.01%, 0.2% and 2% 
( 5 x l 0 - 3 M, IO"1 M and about 1 M H20 in CH3CN). The progressively more 
rapid reaction was followed by means of thin layer chromatography. 
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&Íi[2-{me¿hy¿iu¿phony¿ie¿hy¿] p-n¿üu)benzy¿ phoiphaXe. (5) 
To a solution of p-nitrobenzyl alcohol (m.p. 96-97 0C) in water-free 
pyridine (4 ml), 1.84 g (5.6 moles) of 3 was quickly added in one batch. 
The course of the reaction was followed by means of TLC and reached com-
pletion after 20 min. The reaction mixture was evaporated ¿n vacuo and 
the residue dried at 0.1 imiHg. The compound crystallized upon scratch-
ing and was purified by recrystallization from water/methanol (9 /1) . 
After drying, 2.13 g (90%) of slightly yellow needles were obtained, 
melting at 85-88 0C, which were chromatographically pure: Rf 0.31 (chlo-
roform/methanol = 9/1) , Rf 0.44 (BuOH/AcOH/water= 4/1/1) . 
^ NMR: methyl. s, 63.03, 6H; B-CH?, t , 63.50, J H . H 5.5, 4H; а-СН
г
, 
dt, 64.52, JH-H 5.5 Hz, Jp-н 7.0 Hz, 4H; nitrobenzylmethyl ene, d, 65.28, 
Jp-H 7.0 Hz, 2H; nitroaryl, 2 x d , 67.98, JH-H 9.0 Hz, 4H. 
3 1P NMR: phosphorus, s, 672.46 (decoupled) or quint, 672.46 (proton-
coupled), Jp_H 7.0 Hz; (standard, phosphorus in trimethyl phosphate: s, 
676.92). IR: S02, 1320 cm"1 (med) and 1130 cm"1 (strong); benzyl, 
1608 cm"1 (med); N02, 1515 cm"1 and 1350 cm"1 (both strong); P0, 
1290 cm"1 (strong); P-0-aralkyl, 1193 cm"1 (med); P-0-alkyl, 1040 cm"1 
(strong). 
Analysis, caled, for C13H20N010PS2 (445.40): С 35.05, H 4.53, Ν 3.15; 
found: С 35.22, Η 4.47, Ν 3.14%. 
The compound is irimediately attacked by ammonia in the mixture diox-
ane/methanol/12 M NH3 (1/1/1) and armonium 2-(niethylsulphonyl)ethyl p-
nitrobenzyl phosphate is produced. Concomitantly a new nitrogen-contain­
ing compound is produced which is tentatively thought to be 2-(methyl-
su1 phenyl)ethyl amine. 
T>Uil2-{methyliulphonyl)e¿hyl] phoiphcUe. (6) 
A solution of 512 mg (1.55 imiol) of compound 3 dissolved in a previ-
ously prepared mixture of 4 ml of waterfree pyridine and 250 mg (2.01 
ілпоі) of 2-(methyl sul phony!)ethanol, was maintained for 30 minutes at 
room temperature and was then evaporated to leave a syrup. The compound 
crystallized following the addition of a few ml of 96% of ethanol (459 
mg, 71%). The triester was obtained in an analytically pure form by dis­
solving 200 mg of the crude compound in water (200 μ!) and ethanol (400 
wl) while warming. The cooled solution deposited pure material, m.p. 
91-91.5 0C, following the addition of 600 ul of ethanol. 
iH NMR: methyl, s, 63.03, 9H; g-methylene, t , 63.53, JH-H 5.6 Hz, 6H; 
α-methylene, dt, 64.54, JH-H 5.6 Hz, Jp-н 7.3 Hz, 6H. 
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3 1P NMR: phosphorus, s, 658.92 (decoupled) or sept, 668.92 (proton-
coupled) , Jp_n 7.3 Hz, (standard phosphorus in trimethyl phosphate, 4 75.43). 
IR: S02, 1130 cm"1 and 1315 cm"1 (strong); Ρ = 0, 1270 air 1 (strong); 
Р-0-аІкуІ, 1020 cm-1 (strong); C-Η (ethyl), 2195 cm-1 and 2990 cm"1 
(med); C-Η (methyl), 3010 cm"1 (ned) and 930 cm"1 (med), both sharp, 
only occurring in dimethylsulphone. 
Analysis, caled, for СзН^ОюРЗэ (416.43): С 25.96, Η 5.08, S 23.10; 
found: С 26.03, H 5.08, S 23.75«. 
N-lBznzy¿oxycaAbony¿)-L-ty>io&¿№ bunzyl eAteA 
b¿i 12-ImeXhylitiiphonyl)íthyl] phoiphate, г-Тух.{РЬт)-OBzt (7) 
N-(Benzyloxycarbonyl)tyrosine benzyl ester (8.50 g, 21 mmoles) was 
dissolved in 50 ml of water-free pyridine ina previously (1200C) dried 
reaction flask. While stirring, the chloridate 3 (4.48 g, 13.6 rmtoles) 
was added. This resulted in the formation of a white precipitate and a 
yellow colour. The precipitate went into solution during 1J h of conti­
nuous stirring and about 50% of the phenol was converted as revealed by 
TLC. 
A second batch of 4.48 g of (3) was added 2J h after the beginning 
of the synthesis and again the transient precipitate appeared, which 
again took about 1} h to disappear, at which point ca 70% of the start­
ing material had reacted. A further 1.72 g (5.24 mírales) of the chlori-
date was added. 
The resulting less dense precipitate dissolved during the course of 
15 minutes but another white precipitate formed when the reaction flask 
was left for 16hrs.The precipitated compound was accepted as being the 
pyridinium compound 8 for the following reasons: i t constituted a high-
ly polar compound, soluble in water, but insoluble In apolar solvents 
(CHCI3 and Et20). The compound crystallized from hot ethanol (m.p. 
216 0C). 
^Н NMR: methyl. s, 63.13, 3H; sulphonyl methylene, t , 64.04, 2H, 
J 6.5 Hz; pyridinium methylene, t , 65.25, 2H, J 6.5 Hz; pyridinium, m-
protons, t , 68.36, 2H, J 7.0 Hz; p-proton, t , 68.86, IH, J 6.9 Hz, o^ 
protons, d, 69.38, 2H. J 5.2 Hz. 
Analysis, caled, for CeH12N02SCl (221.707): С 43.34, H 5.46, Ν 6.32, 
S 14.46; found: С 43.38, H 5.38, Ν 6.17, S 14.55%. 
0.52 g of 8 were obtained by f i l t r a t i o n and the residual amount was 
removed in the work-up of the main product. TLC analysis of the f i l t r a t e 
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indicated a 95% conversion of Z-Tyr-OBzl. The f i l t r a t e was evaporated 
In vacuo and to the residue, a yellow o i l , ethyl acetate (50 ml) was ad­
ded. The two-phase system was acidified with aqueous hydrochloric acid 
(50 ml, 3 N) to remove pyridine and pyridine hydrochloride. The ethyl 
acetate layer was washed with water until neutral. The dried (№г50і,) 
solution, following evaporation, gave 14.4 g of crude phosphate, 
Z-Tyr(Pbm)-0Bzl, which did not show the reaction of free phenols, but 
which contained two impurities: one of higher (Z-Tyr-OBzl) and one of 
lower polarity Z-Tyr(Pmni)-0Bzl. 
Chromatographic (TLC) data of the three compounds in the order spec­
i f i e d - Rf 0.60, 0.88 and 0.49 (BuOH/AcOH/water 4/1/1); Rf 0.49, 0.67 
and 0.0 (СНСІэ/МеОН 9/1); Rf 0.64, 0.71 and 0.09 (СНСІэ/МеОН/АсОН 
95/25/3). 
The crude product dissolved in chloroform and was not precipitated 
by the addition of dry ether (3.5 ml and 4 ml, respectively, per gram 
of phosphate). Upon standing, spherical crystal clusters were formed, 
provided that the crystallization occurred at room temperature. In the 
refrigerator, an oil precipitated. This operation effectively removed 
small amounts of starting material (Z-Tyr-OBzl). Repeated crystal l i ­
zation or treatment with an ion exchanger (Dowex-1, acetate cycle, 
solvent MeOH/water= 4/1) did not remove the impurity of lower polarity. 
The compound could be removed partially by washing with water. 
Two-dimensional chromatography revealed 7 to be probably not com­
pletely stable during chromatography in methanol containing solvents, 
since a compound showing the mobility of Z-Tyr(Pimi)-OBzl, but not show­
ing the reaction for free phenols, accompanied the main spot in both 
directions. The final yield of 7 amounted to 9.83 g (68%), melting at 
94-96 0C, [a]2 D 3 + 3.1 (c 0.8 in CHCI3). 
Analysis, caled, for Сз0Нз6М012Р52 (697.72): С 51.64, H 5.20, Ν 2.01, 
S 9.19; found: С 51.58, H 5.17, Ν 2.00, S 9.04%. NMR: phosphate moiety: 
methyl, s, 62.89, 6H; в-СН2, t , 63.32, 4Н, J H . H 5 . 5 H z ; а-СН2, dt. 64.57, 
4Н, JH-H 5.6 Hz, Jp-H 7.3 Hz; tyrosyl moiety: B-CH2, d, 63.06, 2H; а^ 
methine (covered to a large extent by the a-CH2 of phosphate protection), 
64.62, IH; phenyl, s (no AB pattern!), 66.99, 4H; C- and N-protective 
groups: CH2 (ester), s, 65.06, 2H; CH7 (N-protection), s, 65.13, 2H; two 
phenyls, 2 x s , 67.28 (10H); α-amide, blurred mult., 65.35, IH. 
31P NMR: phosphorus, s, 662.285 or quint., 662.285, Jp.H 7.63 Hz 
(standard Ρ in trimethyl phosphate, 672.176), solvent CDCI3. 
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N-lBenzytox.ycü'LbonyD-L-tyioiíne bmzyt г&іел 
CJje¿oh.e.xy¿aíman¿uin 2- [meXhylòatphonijtì zthyl phoiphatz, 
1-Tyx (Pmn)-08z£, CA iaJU (7a) 
The neutral triester 7 (260 mg, 0,37 iiinole) was suspended in 1.3 ml 
of methanol and dissolved by the addition of dioxane (1.3 ml). To the 
solution, 1.3 ml of concentrated aqueous armonia was added with st i r -
ring. The f i rs t drops of ammonia caused a transient turbidity, but la-
ter the solution remained clear. After completion of the addition, the 
reaction mixture was concentrated and the resulting syrup dissolved in 
water (about 15 ml). The solution was freeze-dried to give a f luf fy , 
white solid, which dissolved well in water but which produced a thick 
flowing solution. 
TLC revealed the presence of one major fluorescence quenching com-
pound, Rf 0.51 (BuOH/AcOH/water=4/1/1) and one compound of higher po-
lar i ty (Rf 0.25) which did not absorb UV light (М2-СН2-СН2-502-СНз?). 
The starting material (Rf 0.64) was completely absent. For purification, 
the crude ammoni um salt was dissolved in water and combined with an a-
queous solution of an excess of cyclohexylamnonium chloride. The result­
ing oily precipitate rapidly solidified, and 210 mg (79.6%) of compound 
7a were obtained. 
TLC: Rf 0.51 (tyrosine derivative) and Rf 0.44 (cyclohexylamine) us­
ing the butanol system: Rf 0.12 and Rf 0.19, respectively (reversed po­
l a r i t y : ) , using CHC1з/МеОН/АсОН (95/25/3). The salt was purified by re-
crystallization from 2-propanol, dried -en vacuo and subsequently equil i­
brated with the humidity of the air, m.p. 135-144 0C, Ы 2 ^ -8.6 (с 0.8, 
MeOH). 
Analysis, caled, for CasH^NzO^SP-HjO (708.77): С 55.92, H 6.40, Ν 
3.95; found: С 55.99, Η 6.07, Ν 3.93%. lW NMR (solvent CDjOD), phosphate 
moiety: methyl, broadened s, coinciding with the signal due to the pro­
ton at C-l of the cyclohexyl ring, «2.92, 4H; е-СНг, signal partially 
covered by CH3 of the solvent, 63.31; а-СН,, coinciding with o-CH of tyr· 
osine, 'octet', 64.36, 3H; tyrosine moiety; B-CH?, d, 63.04, 2H, Оц.н 
5.6 Hz; phenyl, s, 67.07, 4H, C- and N-protective groups: CH7 (ester), 
s, 65.01, 2H; CH^ (carbamate), s, «5.13, 2H; two phenyls, 2 x s , 67.28, 
10H; cyclohexyl moiety: two broad multiplets, «1.54-2.21 and «0.78-1.54, 
5H each. 31P NMR; 664.094 (decoupled), standard trimethyl phosohate, 
672.176 (COCI3). 
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ViAuaLízation oí tht ріодлелі oi tht '¿holX-kigh' dzptiotzcXion oi 7 by 
тгат oi quantütative TLC (¿г.е fig. 2.1) 
In 10 plastic tubes measuring about 1 ml (Eppendorf tubes), 62.5 μ! 
of a 0.08 M solution of 7 (5 umoles per tube) in a mixture of dioxane 
and methanol (14/5) was pipetted. The tubes were marked 5, 5, 5, 10, 10, 
15, 30, 60, 120 and 300 sec. Then, beginning at the end of the series, 
62.5 μ! of a mixture of 4 M aqueous sodium hydroxide solution and the 
same solvent system (dioxane/methanol) in the proportion 1/9 was injec­
ted with a plunger pipette. The tubes were immediately closed, agitated 
vigorously, reopened after the pertinent reaction period marked on the 
tube, and their contents neutralized by the addition of 20 ul 10% ace­
tic acid in methanol. To account for the salt effect of sodium acetate, 
the base and acid were added to a sample marked 'inv' in the inverse 
order. Finally, 200 ul of methanol was added to the reaction mixtures 
and 2 μΐ of the diluted solutions were spotted onto a silica plate, 
which was developed in the system BuOH/AcOH/water 4/1/1. 
Bii [2- ImeXhylmtpkonyi) eXhyl] l-tyio&inz pkoiphatz (7b) 
The neutral phosphate 7, 4.18 g (6.00 mmoles) was dissolved in 70 ml 
of methanolic hydrogen chloride (2.5 ml 3 M HCl
a
q and 147.5 ml MeOH) and 
hydrogenolysed in the presence of 10% Pd on C. Uptake ceased when 273 ml 
of hydrogen (about 12 mmoles) had been absorbed. The compound was com­
pletely transformed into the zwitterionic tyrosine phosphate ester, as 
revealed by TLC. 
The solution was filtered and the catalyst was washed with the remain­
ing solvent. Evaporation left 3.35 g of crude product. Purification was 
effected by isoelectric precipitation from a solution in a mixture of 
methanol and ethanol (3/1) to which pyridine was added. The apparent pH 
rose from 2.5 to 4.0 during the addition and 2.67 g (94%) of the puri­
fied product precipitated. The compound was again dissolved in a very 
small amount of water and repreci pitated with 2-propanol. 
The protected phosphate was filtered after having been left for about 
30 min at room temperature: TLC, R f 0.12 (BuOH/AcOH/water 4/1/1), ninhy-
drine positive and negative on Barton's reaction for free phenols. The 
compound weighed 1.91 g (67%) and was pure; it melted at 154-156 0C 
[a]2D
2
-11.3° (c 0.93, water). Analysis caled, for C 1 5H2uN0 1 0PS 2: С 38.05, 
H 5.11, Ν 2.96, S 13.54; found: С 37.87, H 5.07, Ν 3.00, S 13.45%. 
lW NMR: methyl, s, 62.91, 6H; B-CH;, t, «3.42, 4Н; а-СН?, lost in HOD 
signal; tyrosyl moiety: B-CH2, d, 63.09, 2H; phenyl, s, 66.73, 4H. 
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31P NMR: phosphorus, s, 664.818, decoupled or quint., Jp.H 5.3Hz (stand-
ard, trimethylphosphate: s, ¿75.433 opm, D2O). 
Rú [2- [methyliulphonyl] eXhyt] phoiphoiomoiphotidcite. ( 10) 
The chloridate 3 (1.64 g, 5.0 nrnoles) was dissolved in dry acetoni-
t r i l e (12.8 ml) and a solution of morpholine (0.957 g, 11 nrnoles) in dry 
tetrahydrofuran (5 ml) was added with stirring over a period of 10 min. 
After the addition of half of the amount of base, a precipitate started 
to form. After an additional 20 min at room temperature, the reaction 
mixture was f i l tered and concentrated to give 2.05 g of crude product 
as a yellow o i l . The compound spontaneously crystallized at 4 0C and 
could be recrystallized from absolute ethanol to give needle-like crys-
ta ls; 1.68 g (89%), melting at 63-67 0C. 
Analysis, caled, for C10H22N0ePS2 (379.39): С 31.66, H 5.85, Ν 3.68; 
found: С 31.70, Η 5.86, Ν 3.65%. ^ NMR (CD3OD): methyl, s, «3.03, 6Η; 
В-СН?. t , 63.18, 4Н, J H . H 5.5 Hz; а-СН7, dt, «4.41, 4H, J H . H 5.5 Hz and 
Jp_H 7.0 Hz; morpholido residue: m, 63.60, 8H. IR: sulphonyl, 1320 cm"1 
(strong) and 1140 ал' 1 (strong); morpholido, 1460 cm-1 (med); phosphate, 
P=0, 1290 cm"1 (strong) and P-0-alkyl, 1015 cm"1 (strong). 
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AWLQVLSULPHOWL ETHVL GROUPS AS PHOSPfMUS-PROTECTIMG HiNCTlÛNS 
ABSTRACT 
Various 2-[ar(alk)ylsulphonyl]ethanols were prepared and subsequently 
converted into the corresponding phosphorodichloridites in almost quan-
t i t a t i v e y ie ld \>Ыa convenient synthetic route. The v e r s a t i l i t y of the 
method, which obviates the necessity of a d i s t i l l a t i o n step, is demon­
strated by the preparation of other a r ( a l k ) y l phosphorodichloridites, 
including the unstable benzyl phosphorodichloridite. 
тко истш 
Phosphorodichloridites, ROPCI2, are reactive compounds which are used in 
the synthesis of asymnetnc phosphites, which give, upon oxidat ion, the 
corresponding phosphates. This reaction has gained enormous importance 
since i t s application to the synthesis of oligodeoxyribonucleotides by 
Letsinger eX ai1 [ci Chapter 1.4.1). 
One can d i r e c t l y explo i t the difference in r e a c t i v i t y of the two 
chlorine atoms in these compounds1.2, even in solid-phase appl icat ions, 
or a l ternat ive ly i n d i r e c t l y by converting them into r e l a t i v e l y stable 
nucleoside der ivat ives, which react more select ively since they are less 
reactive3 ·1*. 
The desired nucleotides are primari ly obtained as phosphites, which 
are subsequently oxidized, preferably with iodine. The elegance of the 
method also depends upon the nature of the protective function R, which 
generally remains in the growing oligonucleotide u n t i l the last stage 
of the synthesis. This group should then be readi ly removable without 
attacking other functions, preferably in one, short operation. 
Although methyl and 2,2,2-tr ichloroethyl phosphorodichloridite are 
generally used in oligonucleotide synthesis 1 " 1 ' ' , some investigations 
have been devoted to the extension of the scope of the phosphite approach 
by the introduction of other R g r o u p s 1 5 - 2 1 . These new protecting groups 
have been designed to meet the most favourable conditions during the f i -
*Recl. Trav. Chim. Pays-Bas 104, 119-122 (1985). 
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nal deblocking, or to introduce more selectivity towards primary and sec-
ondary alcohol functions in the corresoonding phosohitylating reagents. 
We investigated a series of ß-functionalized ethanols23"25 ( l a to lg ) 
for this purpose by converting them into protective functions for the 
hydroxyl group of phosphorodichloridous acid. In each of the dichlori-
dltes (2a-f, Scheme 3.1) , the 2-sulphenyl ethyl moiety conveys to the 
protecting group the requirements of a very good protective function. 
The group is slim, preventing steri с hindrance, and is chemically sta­
ble (towards acid, hydrogenolysis and tertiary amines in aprotic solv­
ents), contributing to a good compatibility with other groups2 0 ·2 6. 
7 PCls/CHaCN 
ROH > ROPCI2 
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Scheme 3.1 Synthe¿-Li o¿ pkoiphoiocLichtoJUcLLte^ u¿.oig aceXoníOUle.ω the. 
¿obi ent 
The removal is understood to proceed by B-elimination. The reaction is 
extremely rapid i f the mixture dioxane/methanol/4N-sodiun-hydroxide 
(14/5/1) is used for the deprotection of phosphates26 (c<. Chapter 2) . 
This reagent was originally designed23 for the removal of the amino-
protective 2-(methyl sulphonyl)ethoxycarbonyl group. 
Thus far, most literature procedures for the preparation of ar(alk)-
yl phosphorodichloridites involve the addition of the appropriate alco-
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hol to phosphorus trichloride in an inert atmosphere. Sometimes an or-
ganic solvent and/or tertiary amine is used 6 · 1 5 · 2 2 . However, al l pres-
criptions include a final disti l lat ion step for purification, which limits 
the nimber of available phosphorodichloridites. Indeed, some of these 
compounds, i f at al l di s t i l l able, may decompose or even explode on heating28. 
RESULTS and VISCUSSTOU 
We recently described the new phosphitylating reagent 2-(methyl sul phen-
yl Jethyl phosphorodichloridite (2a) for oligodeoxyribonucleotide syn-
thesis20. 2a can be prepared from the corresponding alcohol and an ex-
cess of ohosphorus trichloride in acetonitrile solution without the 
use of a base. After removal of the solvents ¿n vacuo, the remaining 
residue was dist i l led and 2a was obtained in 90% isolated yield. 
Recently, 1H- and 31P-NMR investigation of the crude residue obtain-
ed before dist i l lat ion showed i t to consist of essentially pure 2a in 
almost quantitative yield. This prompted us to investigate the possi-
b i l i ty of preparing, along this route, a group of phosphorodichlori-
dites (e.g. 2a to 2h, Scheme 3.1), which are of interest but not 
easily accessible by dist i l lat ion of the crude reaction mixtures. 
Compounds 2a to 2h could be obtained in almost quantitative yield 
by adding an acetonitrile solution of the appropriate alcohol (la to 
Ih) at ambient temperature to an excess of phosphorus trichloride in 
the same solvent. The solutions were le f t at room temperature for ten 
minutes, after which time the solvents were removed -in vacuo. The com-
pounds 2a-2g were obtained as colourless o i ls , which crystallized 
spontaneously. 
Compound 2 i , which can usually only be obtained in moderate yield, 
and 2 j , which has been reported to give rise to explosions on d is t i l la -
tion28, were also prepared in high yield using the above route. Rele-
vant data on the compounds are shown in Scheme 3.1 and Tables 3.1 and 3.2. 
Purities of 2a to 2j were examined by 31P NMR which, in al l cases, 
showed principally one resonance. Moreover, total conversion of the par-
ent alcohols 1 to the phosphorodichloridites 2 was concluded from the 
disappearance of the unperturbed Щ NMR signals of the o-methylene groups 
adjacent to the hydroxyl functions of 1. These resonances are shifted 
downfield by 0.6-0.7 ppm upon introduction of the PCI2 moiety and reveal 
the existence of an additional coupling of the α-methylene protons with 
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Table 3.1 NMR PATA OF PHOSPHOROPICHLORIPITES Ζ 
Compound 3 1 P NMR («) Ш NMR 
2а 178.7 СНз. s , ЗН, « 2 . 7 ; 6-СН7. t , 2Н, 6 3 . 2 ; а-СН ? . 
d t , ЗН, ¿4.5 
2Ь 179.6 СНз, d, 6Н. 6 1 . 4 ; ÇH, ш, I H , 6 3 . 1 ; е-СН?. t , 
Ш , 6 3 . 3 ; а-СН ? , d t , 2Н, 64.7 
2ç 179.2 СНз· s. 9Н, 6 1 . 5 ; в-СН,, t , 2Н, 6 3 . 4 ; а-СН,, 
d t , 2Н, 64.8 
2d 179.7 е-СН,. t , 2Н, 6 3 . 2 5 ; benzyl-СН,, s, 2Н, 6 4 . 3 ; 
а-СН,, d t , 2Н, 6 4 . 6 ; phenyl, s, 5Н, 67.4 
2е 180.3 g-CH,, t , 2Н, 6 3 . 3 ; benzyl-СН 7 , s, 2Н, 6 4 . 4 ; 
^ С Щ , d t , 2Н, 6 4 . 6 ; phenyTTdd, 2 х 2 Н , 67.6 
and 8.3 
2f 178.4 в-СН,, t , 2Н. 63.6; о-СН,. dt, 2Н, 64.6; phen­
y l , m, 5Н, 67.9 
2g 178.3 СН, t, IH, 64.3; α-CH,, dd, 2Н, 64.5; phenyl, 
m7 8H, 67.3-7.8 
2h 177.6 СНз, t, ЗН, 60.9; -(СН2)1з-, m, 26Н. 61.1-1.5; 
B-CH,. t, 2H, 61.7; α-CH,. dt, 2H, 64.2 
2i 178.8 в-СН,, t, 2H, 62.7; о-СН,, dt, 2Н, 64.4 
2j 176.9 benzyl-СН,, d, 2Н, 65.2; phenyl, s, 5Н, 67.3 
the phosphorus atom (3Jp-H 8 Hz). 
With respect to the mechanism of the reaction, in which acetoni t r i le 
is used as the solvent рая гхсМгпсг, one should refer to the low ten­
dency of this solvent to bind hydrogen ions, unlike tetrahydrofuran26, 
as a consequence of the high ¿-character of the ¿p-hybridized non-bond-
ing electron pair on nitrogen. This results in hydrogen ions being 
available for protonation of phosphorus27 or oxygen in the transition 
state, which will be pentagonal involving a vacant d-orbital of phos-
phorus (Fig. 3.1). The protonation prevents further attack on phosphor-
us in both I , since a second positive charge would result, and in I I , 
since a hexagonal intermediate would result. The presence of an excess 
of PCI3 in the reaction mixture renders the less favourable attack on 
the end product by a second alcohol molecule improbable. 
The new phosphorodichloridites ?§ to 2b were perfectly stable for at 
least one year when stored at -18 CC. They do not fume extensively when 
brought into contact with moist air. This is particularly true for the 
higher melting compounds 2c,d,e and g, which can be handled using a spa-
tula rather than a syringe in subsequent experiments. 
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Table 3.2 MASS SPECTRAL PATA OF PHOSPHOROPICHLORIPITES Ζ 
General peaks 
Compound
 M n D r l M-0PC12 











(M+ + 1) 
253,255,257 217,219 135 
(M+ + 1) 
267,269,271 









(M+ + 1) 
287,289,291 




(M+ - 1) 
172,174,176 



















143, 145, 147 (M-S020H); 
96 (M-PC12-C2H^) 
175, 177 (М-С1-СзН6); 93, 
95 (М-С1-СзН7-50зН) 
210, 212, 214{(М-СН2=С(СНз)2} ; 
175, 177 {М-С1-СН2=С(СНз)2} 
287. 289, 291 (М-СН); 251, 253 
(М-СІ-СНг); 169 (М-0РС12-СН2); 
141 (М-ОРСТг-СгН^-СНг); 77 
(М-ОРСІг-СгНц-СНг-БОг) 
264 (M-Cl-NOz); 106 
(M-0PC12-C2HU-S02-N0); 93. 95 (M-Cl-S02-CH2-phenyl-N02) 
165 (M-0PC12-CH2) 
85 {М-ОРСІНСНгЬо); 71 {М-0РС12-(СН2)И} 
The a p p l i c a b i l i t y of 2a to 2g to oligonucleotide synthesis w i l l be dem­
onstrated in the Chapters 4, 5 and 6. 
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Fig. 3.1 Mtchaniim o(¡ Hit izacXion ο& phoAphonui ХліеМх шІе. laith рьі-
талу aJtcohoti -in aceXovUXfuZe. iotution 
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EXPERIMENTAL 
Acetonitrile (Merck) was refluxed for 16 h over СаНг, disti l led and 
stored over 4 8 molecular sieves (Janssen Chimica). Phosphorus trichlo­
ride (Merck) was disti l led in a dry-nitrogen atmosphere and stored at 4 0C. 
Nitrogen was dried by passing i t through concentrated sulphuric acid. 9-
Fluorenylmethanol (lg) was purchased from Fluka and 3-hydroxypropioni-
t r i l e ( l i ) , benzyl alcohol ( I j ) and cetyl alcohol (Ih) from Janssen Chi­
mica. 
Melting points were determined using a Tottoli apparatus, ^ - a n d 3 1 ? -
NMR spectra were recorded using a Bruker WH-90, employing CDCI3 as the 
solvent, unless otherwise stated. lH №1R was performed using tetrameth-
ylsi lane as the internal standard; for 3 1P NMR, an external standard of 
80% Н3РОЦ was used. Mass spectra were recorded on a VG-7070E using a 
Chemical Ionisation technique with methane as the reagent gas (source 
temperature 200 0C, 100 eV). 
The. a¿colio¿¿ 
ΐ-ITiopupyliuZphonyt)vthunol (lb) and 2-ltert-bwtylluJlphonyt)vtha-
nal ( l ç ) . The precursor thio ethers, 2-(isopropylthio)ethanol and 2-
(íM¿-butylthio)ethanol were prepared on a 0.5 M scale from the corres-
ponding mercaptanes and 2-chloroethanol using a published procedure21*. 
Oxidation of the thio ethers to the corresponding sul phones lb and 1c was 
performed as follows. 
To a stirred solution of thio ether in 150 ml of ethanol and 50 ml of 
water was added a solution of 0.5 g of \\А
г
)Л%-2 H20 in 25 ml of water. 
While cooling in an ice-water bath, a portion of 100 ml of H2O2 (40% w/v 
in water, about 1 mole) was added dropwise in two fractions of 50 ml. 
After the exothermic reaction, which gives the sulphoxide, had ceased, 
the solution was refluxed for a further 45 min to give the sulphone. Af­
ter the addition of a catalytic amount of palladium on charcoal, the so­
lution was stirred at ambient temperature overnight to destroy excessive 
H2O2. The catalyst was f i l tered over hyflo and the clear f i l t r a t e con­
centrated to leave an o i l , which s t i l l contained the tungstate catalyst. 
In the case of ¡b, the work-up procedure was as follows. The crude 
oil was dissolved in 500 ml of ethyl acetate and the remaining precipi-
tate was f i l tered. The f i l t ra te was evaporated to an o i l , which was dis-
t i l led in масло; b.p. 140 0C, 0.2 mriHq. lb was obtained as a pure o i l , 
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in 60* isolated y i e l d . The compound c r y s t a l l i z e d in the freezer; m.p. 
41-43 0C. Щ NMR: methyl (2x), d, 6H, «1.4; methine coinciding with hy­
droxy! and B-methylene, m, 4H, 63.0-3.4; α-methylene, t , 2H, « 4 . 1 . 
Crude 2-(íeAí-butylsulphonyl)ethanol le was dissolved in 300 ml of 
chloroform and extracted twice with 100 ml of water to remove sodium 
tungstate and once with 200 ml of a saturated NaCl solut ion. The organ-
ic layer was dried over МагЗОц and evaporated to leave a clear o i l which 
crysta l l ized upon scratching. The s o l i d was recrysta l l ized from ether/di-
isopropyl ether (1/1) to give 60 g (72%) of the desired compound as white 
crysta ls; m.p. 42-43 0C. ^ NMR: methyl (3x), s, ЗхЗН, δ ΐ . 4 ; hydroxy!, 
t , IH, S3.0; e-methylene, t , 2H, 63.2, a-nethylene, d t , 2H, 64.2. 
Z-iBtnzytAutphonyDeXhanol ( I d ) . To a s t i r r e d solution of 67.1 g of 
K0H in 500 ml of ethanol was added, over 20 min, 77 ml (1.1 moles) of 2-
mercaptoethanol in a nitrogen atmosphere. A solut ion of 119 ml (1 mole) 
of benzyl bromide in 75 ml of ethanol was then added dropwise over 30 
min, which gave r ise to an exothermic react ion. When the evolution of 
heat had ceased, precipitated KBr was f i l t e r e d o f f by suction and the 
clear f i l t r a t e concentrated to an o i l which was dissolved in 500 ml of 
ethyl acetate and extracted twice with 100 ml portions of water and once 
with 200 ml of a saturated NaCl solut ion. The organic layer was dried 
over N3250^ and evaporated to give crude 2-(benzylthio)ethanol as an o i l . 
The crude o i l was oxidized and worked up in the same way as described 
for 1c to give Id as a clear o i l , which crysta l l i zed upon scratching. 
Yield 142 g (76%); m.p. 68-71 0C. ^ WIR: hydroxy!, t , IH. «2.8; 
g-methylene, t , 2H, 3 . 1 ; a-methylene,dt, 2H, 64.0; benzylmethylene, s, 
2H, 64.4; phenyl, s, 5H, 67.5. 
2-{4-N¿Vwbe.nzytiaÍphony¿)eXhanol ( le) was prepared from 4-nitroben-
zyl chloride and 2-mercaptoethanol on a 0.5 molar scale in generally 
the same way as described for 2-benzylthioethanol. Oxidation of the 
thio ether was performed as described for lb and 1c. Since the ensuing 
sul phone crysta l l ized spontaneously from the oxidation mixture, cata-
lyzed decomposition of residual H2O2 could be omitted. The crude crys-
tals were f i l t e r e d from the mixture and washed with cold water. They 
were recrystal l ized from water/methanol 95/5 to give the pure compound, 
89.5 g (73%); m.p. 131-132 0C. 41 NMR: (DMSO-de. r é f . : DMS0-H peak): 
ß-methylene, t , 2H, 62.6; α-methylene, d t , 2H, 63.3; benzylmethylene, 
s, 2H, 64.1; hydroxy!, t , IH, «4.6; phenyl. dd, 2x2H, «7.1 and 7.7. 
2-[?heny¿¿u¿phony¿]eXhano¿ ( I f ) was prepared on a 0.45 molar scale 
from thiophenol and 2-chloroethanol using a published procedure25. Oxi-
dation of the thio ether was carried out as described for lb and 1c. 
The crude oil thus obtained was disti l led in vacuo; b.p. 131 0C (0.15 
nmHg). 
Yield 49.44 g (592). The compound crystallized upon cooling; m.p. 
20 0C. ^-NMR: B-methylene, t , 2H, «3.3; hydroxy!, s, IH, 63.45; g-meth-
ylene, t , 2H, 63.9; phenyl, m, 5H, «7.5-7.7. 
Thi phoiphonotLLchlo/UcUtu 
2a to 2g, 2i and 2 j . To a solution of 30.6 ml (0.35 mole) of phospho-
rus trichloride in 16 ml of dry acetonitrile, flushed with a stream of 
dry nitrogen, was added dropwise a solution of 0.05 mole of the corres-
ponding alcohol in 20 ml of the same solvent. After completion of the 
addition (5 min), the solution was le f t at ambient temperature for 10 
min. After this period, a small amount of insoluble material (only form-
ed in preparations of 2f, 2i and 2j) was quickly f i l tered off by suction 
using a glass funnel and the solution was concentrated -in vacuo. At this 
stage, 2c crystallized spontaneously and 2a, 2b and 2d-2g upon cooling. 
2h. Since cetyl alcohol (Ih) has a limited solubility in acetonitrile, 
2.42 g (0.01 mole) of the alcohol were mixed with 20 ml of the dry sol-
vent in a dropping funnel. The mixture was heated with a stream of hot 
air to dissolve residual Ih. The resulting solution was added over5min 
to a solution of 6.12 ml (0.07 mole) of phosphorus trichloride in 3 ml 
of dry acetonitrile. The biphasic mixture thus obtained was stirred v i -
gorously for 30 min at ambient temperature, whereafter the solvents were 
removed in vacuo to leave Jh as a low melting wax. 
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A COMPARISON OF g-FUNCTIONALIZEP ETHVL GROUPS FOR THE ТОТЕСТШ 
OF THE PHOSPHO FUNCTION IN ЕСАТН Ш Ше SVHTHESTS 
USING A PHOSPHITE TRIESTER APPROACH 
ABSTRACT 
A number of phosphorodichloridites (1) carrying various B-functionalized 
ethyl protective groups were converted into the corresponding phosphoro-
morpholidochloridites (2) . These were then reacted with 5'-0-(dimeth-
oxyj tr i ty l thymidine to give the pertinent phosphoromorpholidites ( 3 ) . The 
a p p l i c a b i l i t y of these compounds in the synthesis of ol igodeoxynudeoti-
des on a s o l i d support has been evaluated in the synthesis of the thymi­
dine decamer. 
IMTROPUCTION 
In the previous chapter we described the preparation of various phospho­
rodichlor idi tes according to a general procedure which obviates the use 
of t e r t i a r y bases and the need of a f i n a l d i s t i l l a t i o n step during p u r i ­
f i c a t i o n 1 . We studied the a p p l i c a b i l i t y of some of these compounds i n the 
synthesis of oligodeoxynucleotides, choosing those di chi or i di tes which 
incorporated phosphorus-protecting groups which can be cleaved via 3-
elimi nati on. 
Phosphorodichloridites carrying an ar(alk)ylsulphonyl group ( l a - l f , 
Scheme 4.1) in the B-position of an ethyl residue or a fluorenylmethyl 
group ( l g ) , belong to th is category. The l a t t e r has been designed f o r 
application in carbamates as N protection 2 or in carbonates f o r the pro­
tection of the S'-hydroxyl functions 3 of nucleosides. 
The 2-(phenylsulphonyl)ethyl and 2-(benzylsulphonyl)ethyl functions'*!5 
have recently been proposed as protecting moieties for S'-terminal phos­
phate groups. 
RESULTS 
Each of the compounds la-g was converted into the corresponding phospho-
»Recl.Trav. Chim. Pays Bas Ш 4 , 209-214 (1985). 
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Scheme 4.1 Synihuli oí 5'-0-l(Ume£hoxy)ÜLCty¿-3'-thymidyt phoiphoiomoi-
pho¿Ld¿te¿, 3a-g. T/ie yields але. Ьалга on the. amount oí S'-O-
[d^tthoKy\ViltytthyrruA¿n.í, aizd tu, ¿toAting matvUaL 
romorpholidochloridite (2a-g) by reaction with W-(triinethylsilyl)TOr-
pholine6 and gave, in the crude state, mainly one resonance in the 31P 
NMR spectrograph. The chlorides were subsequently condensed with S'-O-
(dimethoxyjtritylthymidine in dichloromethane using an excess of a ster-
ically hindered tertiary amine to give, following chromatography7 on s i -
l ica , the neutral morpholi di tes (3a-g) as stable solids in satisfactory 
yields. I t has to be stressed that, during the entire process of the 
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synthesis, no precautions were required to exclude oxygen from the reac­
tion mixtures, solutions or storage equipment. 
The chromatographic purification has to be performed using a basic 
eluent {10% triethylamine in dichloromethane). This condition deserves 
some attention, since the strategy of the method is based upon the sus­
ceptibi l ity of the semi-permanent phosphorus protection tobase. Although 
the primary condition for в-elimination (an electron-withdrawing group 
in ß-position to the leaving phosphite oxygen) is fu l f i l led in compounds 
of type 3, the phosphite moiety will be a less good leaving group than 
phosphate in an EjcB mechanism. This evidently appears to be the case, 
giving the phosphites an unexpected stabil ity towards basesB. The pro-
tecting groups R in compounds 3 are completely stable towards high con-
centrations of triethylamine in protic solvents. This is not the case 
for the corresponding phosphotriesters. The purified compounds (3a-g) 
were found to be homogeneous on thin-layer chromatography and were char-
acterized by 1H and 31P NMR spectroscopy. 
The latter revealed in most cases the presence of two (diastereomeric) 
compounds with resonances around 143 ppm relative to phosphoric acid. 
Molecular weights of 3a-d were determined by Fast Atom Bombardment (FAB) 
Mass Spectrometry; these and other relevant data are given in Scheme 4.1 
and in Table 4 .1 . The compounds were perfectly stable for periods of more 
than a year at room temperature when stored over potassium hydroxide In 
vacuo. 
The applicability of the ami di tes 3a-g was investigated in the synthe-
sis of the corresponding fully protected decathymidylate on controlled 
pore glass9, employing a semi-automatiс continuous flow method10, and 
using our previously published reaction cycle 1 1 , which, however, was 
considerably shortened. Thus, S'-O-tdimethoxyJtritylthymidine was esteri-
f i ed to succinic acid, giving the hemisucci nate, which, in its turn, was 
condensed to a primary long-chain amine extending from the glass support. 
The imnobilized nucleoside was subsequently deblocked at the 5'-side by 
treatment with a trichloroacetic acid solution (Scheme 4.2). 20 Equiva­
lents of one of the compounds 3, dissolved in acetoni t r i l e , were then 
activated by adding 50 equivalents of anhydrous 1-hydroxybenzotriazole, 
dissolved in dry, peroxide-free tetrahydrofuran and the mixture was f i l ­
tered through the support. 
After three minutes, the carrier was washed and the introduced phos­
phite was oxidized with aqueous iodine. Following the 'capping' of unre-
acted 5'-hydroxyl groups by acetylation and washing, the cycle was re-
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peated a f u r t h e r 8 times. The time needed f o r the completion of one cycle 
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Scheme 4.2 Synthuli oí otlgothymidylatti; ^ол compoundi 3a-|j, the. nm-
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ia¿t 
The protected oligothymidylates (n=9, for 3 a - f ; n=5, for 3g, Scheme 4.2) 
thus obtained were deprotected and detached from the support by t r e a t -
ment with acid to remove the dimethoxytri tyl group from the S'-terminus 
and then with an excess of the mixture dioxane/methanol/4N sodium hydrox-
ide (0 .2 M in base) for 5 minutes. The base removes the protect!ng groups 
on phosphate i n m e d i a t e l y 1 1 · 1 2 (Ц Chapter 2) and detaches subsequently 
50 
the deprotected product from the support in a somewhat slower running 
reaction. The crude mixtures thus obtained were analysed by ion-exchange 
and reversed-phase high-performance liquid chromatography as outlined 
in the experimental section. 
The inapplicability of B'-O-fdimethoxyJtrityl-a'-thymidyl (9-fluor-
enyl)methyl phosphoromorpholidite, 3g, for oligonucleotide synthesis 
along this route is dramatically demonstrated in reversed-phase chroma-
tography (Fig. 4.1) . This was not unexpected, since the synthesis ran 
with about 35% average coupling efficiency as concluded from the spec-
trophotometric (498 nm) estimation of the amount of the (red) dimethoxy-
t r i ty l ion released upon deprotection of 5'-hydroxy functions with acid. 
I t had to be discontinued at the hexamer stage since truncated sequences 
were formed in excess. 
Fig. 4.1 ReveA¿ed-pka¿eHPLC ttace 
oi tíiz pioducti obtaiwd 
when 3g wa& uAzd; the. iynthuib had 
to be"'discontinued at the hexanu-
cZeotidz&tage, when the ¿ncoipow-
tion became mviQinaZ 
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In contradistinction herewith, the average coupling efficiencies with 
thymidine derivatives containing a 2-[ar(alk)ylsulphonyl]ethyl protec-
tion (3a-f) were estimated to be very high (90-982), compound 3a excel-
ling in this respect. The pertinent reversed-phase and ion-exchange HPLC 
elution patterns confirmed the efficiency of the condensations by the 
presence of one main peak corresponding to the decamer (Figs 4.2 and 
4.3) . 
The crude decathymidylates were purified by gel f i l t rat ion on Sepha-
dex G-5013, and desalted through Sephadex G-25. The resulting t r i ethyl-
ammonium salts showed identical chromatographic behaviour in three dif-
ferent reversed-phase and two different ion-exchange HPLC systems. Iso-
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Fig. 4.2 RevWAnd-phaie. [tt^t, iyótem 1) and ¿on-zxchangz [ilqht, 
iyitm J) HPLC üiacM oi tin cnudz dtcathymidylatz ob-
taincd employing compound 3e 
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Fig. 4.3 Cnnde. deaUhymidyùUz, obtained иліпд compound За, whew 
analyzed ал ¿ncUcatzd In F-ig. 4.2 
amount of thymidine i n i t i a l l y bound to the support). The pur i f ied deca-
mers were completely digested when incubated with snake venom phospho-
diesterase11* giving thymi di ne-5'-monophosphate and thymidine in the ra-
t i o 9 / 1 . 
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DISCUSSION 
The average coupling ef f ic iencies observed in so l id phase syntheses of 
oligomeric thymidines, using 2-[ar(alk)ylsulphonyl]ethyl S'-thyraidyl 
phosphoromorpholidites, appear to depend on ster ic hindrance, since 
they decrease in the order methyl, isopropyl, teAt-b\ity'\/phenyl /benzyl / -
4-nitrobenzyl. The behaviour of the bulky fluorenylmethyl protection 
confirms this point of view. Although the a l terat ion of electronic ef-
fects could also play a ro le , no changes re f lec t ing such alterat ions 
were observed in 31P NMR spectroscopy, signals beinq found without ex-
ception at about 143 ppm, revealing the presence of only two diastereo-
mers. 
EXPERIMENTAL 
Tetrahydrofuran (THF), pyridine and ace ton i t r i le (MeCN) were dried by 
ref luxing for 16 h with calcium hydride, d i s t i l l e d and stored over 4A 
molecular sieves (Janssen Chimica). THF was r e - d i s t i l l e d from l i th ium 
aluminium hydride and stored under argon over the same molecular sieves. 
Diisopropylethyl ami ne (DIPEA) was d i s t i l l e d from calcium hydride and 
stored at 4 0C. 
l-Hydroxybenzotriazole (Fluka) was crysta l l ized from methanol and 
subsequently dried for f i ve days ¿n vacuo over phosphorus pentoxide at 
60 0C. I t was then dissolved in dry, peroxide-free THF, giving a 0.45 M 
solut ion. This standard solut ion was flushed with dry argon and stored at 
4 0C. 
W-(Trimethylsilyl)morpholine was prepared according to a published 
procedure16. For the preparation of 5'-0-(dimethoxy)tritylthyim'dine the 
method of Schaller17 eX. at was used. Phosphorodichloridites ( la-g) were 
prepared as previously described1 (c¿ Chapter 3). 
Thin-layer chromatography (TLC) was performed on s i l i c a plates (Merck 
F2S1,), using t r i ethyl ami ne/di chi oromethane/ethyl acetate (2/9/9, by vo l -
ume) as the mobile phase. Spots containing dimethoxytr i tyl ether func-
tions were visualized by spraying with 50% sulphuric acid in methanol 
and heating at 110 0C for 5 minutes. 
1H and 31P NMR spectra were recorded at ambient temperature on a Bru-
ker (WH 90) spectrometer, using CDCI3 as the solvent and tetramethylsi-
lane as an internal standard for lW NMR. The same solvent was used in 31P 
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NMR where phosphoric acid functioned as an external standard. 
Mass spectra were recorded on a VG 7070E spectrometer, using Fast Atom 
Bombardment (FAB) techniques (1.5 mA, 7 KV, with argon as the reagent gas). 
Reversed-phase HPLC was performed at ambient temperature using a Chrom-
pack Lichrosorb 5RP18 column (4.6x250 mm), employing the fol lowing mo­
b i l e phase systems: system 1, 30% В changing to 60% В over 30 min, flow 
rate 0.8 ml/min; (A, 0.1 M armonium acetate pH 6.7; В, idem, plus an e-
qual volume of MeOH). System 2, 40% В changing to 70% В over 30min,flow 
rate 0.8 ml/min. System 3, 10% В for 15 min, followed by a l inear gradi­
ent to 40% В overS min, flow rate 1 ml/min; (A: 0.1 M t r i ethyl ammoni um 
acetate, pH 7.0; В: idem, 0.2 M pH 7.0, plus an equal volume of MeCN). 
Ion-exchange HPLC was performed at 40 0C using a stainless-steel co l­
umn packed with P a r t i s i l SAX (Chrompack), employing the fo l 1owing two mo­
b i l e phase systems: system 1, 0 to 50% В in 25 min,flow rate 0.8 ml/min. Sys­
tem 2, using the same components, a less steep gradient was b u i l t up in 
35 min, flow rate was again 0.8 ml/min; (A: 800 ml of 0.005 M potassium 
phosphate pH 6.37 were mixed with 200 ml of MeCN; B: 0.80 M potassium 
phosphate pH 6.37 (400 ml) were mixed with 100 ml of MeCN). 
The emerging comoonents were detected using an UV-VIS detector (Kon­
t r o n , with variable wavelength) set at 260 nm, and visualized with an 
XY recorder (LKB 2210). Eluent components were pimped with two prepara­
t i v e pumps (Kontron 410 and 414) and d istr ibuted with a solvent program­
mer (Kontron Series 200) to a high pressure mixing chamber. 
Synth&i-u, of, compoundi 3a-g 
To a s t i r r e d solution of 10 moles of one of the phosphorodichlori-
dites ( l a - g ) 1 in 15 ml of dry, peroxide-free tetrahydrofuran, 1.72 g(10.8 
inmoles) of W-(tr imethyls i ly l )morpholine was added over a period of 5 min, 
at ambient temperature. S t i r r i n g was continued for a further 15 min and 
the reaction mixture was concentrated -in vacuo to remove the l iberated 
chlorotrimethylsi lane leaving the corresponding morpholidochloridites 
(2a-g) as o i l s , (3 1P NMR, 6, 2a: 167.5, 2b: 167.0, 2ç: 168.0, 2d: 166.5, 
2e: 167.3, 2f: 168.1, 2g: 168.5). 
Crude 2 was dissolved in 5 ml of dry dichloromethane and subsequently 
added to a s t i r red solution of 2.72 g (5 mnoles) of S'-O-idimethoxyJtri-
tylthymidine in a mixture of 15 ml of drydichloromethane and 4 ml (23 
nmoles) of dry diisooronylethylamine. The solution was s t i r red for 10 
min at room temperature, a reaction period which was su f f i c ien t in each 
case for complete reaction as revealed by TLC. The reaction mixture was 
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Tibie 4.1. SPECTRAL PATA ON COMP0ÜNPS За-д 
Compound 3 1Р NMR (6) Ή NMR (S) Mass spectrum 
=783 
За 142.4; 143 
1.5 (s, 5-СНз, ЗН); 2.8-3.3 (га, S02CH3, -CH2-N-CH2-, H
5
', H2', U H ) ; 3.4-3.7 (m, 
n
 -CH2-0-CH2-, ß-CH,, 6H), 3.8 (s, OCH3. 6H); 3.9-4.2 (m, a-CH2, H4', 3H); 4.7-4.9 FAB+,(M+/e)= 
,u
 (m. H3', IH); 6.3 (m. H1, IH); 6.8 (d, anisyl-H3 +H 5, 4H); 7.2-7.4 (m, anisyl-H2 M+ + Na = 806 
+ He, phenyl, 9H)·, 7.6 (m. H«, IH); 8.7 (m, N3-H, IH) 
1.2-1.5 {m, 5-CH3, (СНз)2С, 9H}; 2.9-3.4 (m, methine, H
5
', -CH2-N-CH2-, ß-CH2, 
ih l/n д. і/іч с н 2'. 1 1 Η ) ί 3.4-3.7 (m, -СН2-0-СН2-, 4Н); 3.8 (s, ОСН3, 6Н); 3.9-4.2 (m. а-СН2, FAB+,(M+/e)=811 
Я 14J.4, i w . b
 Hi,- j зн); 4.7-4.9 (m. H3', IH); 6.3 ( t . H1', IH); 6.8 (d, anisyl-H3 + Hä, 4H); N++N3 = 834 
7.2-7.4 (m, anisyl-H2 + H6, phenyl, 9H); 7.6 (m, H6, IH); 8.7 (m, N3-H, IH) 
1.2-1.5 {m, 5-CH3, (СНз)зС, 12H}; 2.9-3.5 (m, -CH2-N-CH2-, ß-CH2, H2', H5', 10H); F . n + /„+/„»_„;>«; 
3c 142 9· 143 9 З · 5 " 3 · 7 m · -CA-O-CH,-, 4H); 3,8 (s, 0CH3, 6H); 3.9-4 2 (m. a-CH2, H"'. 3H); „î + ^ - U jç I4¿.s. i4 j .a
 4 _ 7 . 4 - 9 ) m i H?,
 1 н ) . 6 - з ( m i Hit 1 H ) ; 6 - 8 ( d j a m - s y l . H 3 + H5, 4H); 7.2-7.4 (m, " , „ . ій-У^-я^ 
anisyl-H¿ + H6, phenyl, 9H). 7.6 (m, H6, IH); 8.7 (m, N3-H, IH) hAB '^ /e)-a£* 




-, ß-CH2, H2', 8H); 3.3-3.7 (m, 
, . , . , , -CH2-0-CH2-, H,5', 6H); 3.8 (s , OCH3, 6H); 3.9-4.3 (m, benzyl-CH2, o-CH2, H"*', 5H); FAB-,(M-/e)=859 
-r 1 4 J - ¿ 4.7-4.9 (m. H3. IH); 6.3 (m. H1, IH); 6.8 (d. anisyl-H3 + H5. 4H); 7.1-7.5 (m. Μ- + Νβ = 882 
2xphenyl, anisyl-H2 + H6, 14H); 7.6 (m. H6, IH); 8.7 (m, N3-H, IH) 
1.5 (s, 5-CH3, 3H); 2.9-3.3 (m, -CH2-N-CH2-, e-CH2, H2', 8H); 3.3-3.7 (m, 
-CH2-0-CH2-, H5', 6H); 3.8 (s, OCH3, 6H); 3.9-4.2 (m, H1*', IH); 4.3 (s. benzyl-
3e 142.6; 143.1 CH2, 2H); 4.4 ( t , a-CH2, 2H); 4.7-4.9 (m. H3' IH); 6.3 (m. H1', IH), 6.8 (d, 
anisyl-HS + H5, 4H); 7.4-7.6 (m, benzyl-H2 + Hé, Hé, anisyl-H2 + H6, phenyl, 12H); 
8.1-8.3 (m, benzyl-H3+H5, 2H); 8.7 (m, N3-H, IH) 
1.5 (s , 5-CH3, 3H); 2.8-3.1 (m. -CH2-N-CH2-, H2', 6H); 3.2 (m. H5', 2H) ; 3.3-3.7 (m, -CH2-0-CH2-, ß-CH.,, 6H); 3.8 (s. OCHj, 6H); 3.9-4.2 (m, a-CH2, H4", 3H); 
3f 143.7 4.7-4.9 (m, H3 , IH); 6.3 ( t . H1', IH); 6.8 (d, anisyl-H3 + Hs, 4H); 7.2-7.4 
(m, anisyl-H2 + H6, phenyl, 9H); 7.5-7.7 (m. H6, phenyl-H3 + H" + H5, 4H); 7.80-8.0 
(m, phenyl-H2 + H6, 2H); 8.7 (m, N3-H, IH) 
1.5 (s. 5-CH3, IH); 2.8-3.2 (m, -CH2-N-CH2-, H2', 6H); 3.3-3.7 (m, -CH2-0-CH2-, 
H5, 6H); 3.8 ( 2 x s , OCH,, 6H); 3.9-4.4 (m, o-CH2, g-CH, H"', 4H); 4.5-4.8 (m, 
" "' - - - - .1-7.8 (m, "" 
N3-H, IH) 
jg іч^.в, i 4 j . j
 н
з,> 1 H ) ; 6 _ 3 ^m> H l.> 1 H j . 6 _ 8 , d > 3 η ΐ 5 ν 1 . Η 3 + Η5, 4H); 7.1-7.8 (m, fluorenyl 
ring protons. H6, anisyl-H2+Hè , phenyl, 18H); 8.7 (m 
transferred to a 500 ml separating funnel, containing 150 ml of ethyl 
acetate. The result ing mixture was then extracted with saturated sodium 
chloride solution (4x250 ml). The organic layer was dried over sodium 
sulphate and concentrated -in vacuo to give crude 3 as white foams in 
each case. 
The crude morpholidites were pur i f ied by chromatography on s i l i ca 
(column dimensions 7x6 cm, ca 100 g Kieselgel 60H, Merck). The column 
was quickly eluted with the same solvent using low pressure (a i r , 200 
um of mercury) at a flow rate of 15 ml/min. Fractions containing the 
product were detected by TLC, pooled and concentrated -in vacuo to give 
the pure ami di tes 3 as colourless foams. Following dissolut ion in 25 ml 
of toluene and precip i tat ion by the addit ion of 250 ml of n-hexane, the 
products were obtained as white amorphous powders. They were stored -in 
vacuo over K0H at room temperature and were found to be stable under 
these conditions for more than a year. Relevant analyt ical data of the 
compounds of type 3 are presented in Table 4 . 1 . 
Plípa/iation o¡ thz iuppoit 
a. S'-O-tP-^eífíoxi/lítXti/í-tíiyniáióie 3'-hexiúj,accXnatе. To a solution of 
5-0-(dimethoxy)tritylthymidine (0.544 g, 1 mmol) in dry pyridine (4 m l ) , 
25 mg (0.2 mole) of 4-(dimethylamino)pyridine and 0.3 g (3 mmoles) of 
succinic anhydride were succesively added. The solution was s t i r r e d for 
4 h at 50 0 C, a f t e r which time 4 ml of an aqueous solution of t r i e t h y l -
aimonium hydrogen carbonate (2 M, pH 7.6) was added to stop the reaction. 
An evolution of carbon dioxidewas observed and the solution was concen­
trated ¿n vacuo. The residue was dissolved in 10 ml of chloroform and ex-
tracted twice with 10 ml portions of water. The water layer was again ex-
tracted with 10 ml of chloroform and the combined organic layers dried 
with sodium sulphate to leave, following evaporation of the solvent, a 
foam, which dissolved rapidly in methylene chloride and could be preci-
pitated by the addition of a ten-fold volume of petroleum ether (40-60°). 
The precipitated resinous sol id was pur i f ied by f lash chromatography 
(Kieselgel, 60H, Merck), employing 2-4% methanol in dichloromethane as the 
eluent, to give the t i t l e compound in 60-65% y ie ld as a chromatographi-
cal ly (TLC) pure amorphous so l id . 
b. S'-O-iV-ünithoxy] VUtylXhymidini 3'-(1-¿u.cclnúrU.dyl)iucc¿na¿z. The 
foregoing hemisuccinate and 80 mg (0.7 nmole) of N-hydroxysuccinimide 
were dissolved in 4 ml of dry ace ton i t r i l e . 180 Mg (0.87 mnrale) of N,W'-
dicyclohexylcarbodiimide were then dissolved in the cooled (0 0C) solu-
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t ion with s t i r r i n g . S t i r r i ng was continued for 3 h during which period 
the temperature was allowed to at ta in room temperature. The reaction 
mixture was then again cooledandthe precipi tated dicyclohexylurea re-
moved by f i l t r a t i o n . The result ing activated ester was used as such. 
IrmobiZLztLtLon o(¡ S'-O- (dúneXhoxy)VvUylUhymidim 3'-hemiiaccUnaXe.. 
Controlled pore glass, bearing a long-chain alkylamine (CPG-LCAA, Pier-
ce, 500 Ä pore diameter, par t ic le size 125-177μ) was suspended in d i ­
methyl f ormami de containing 0.25 ml t r i ethyl ami ne (1.8 mmol es). The sus­
pension was combined with the activated ester and the two-phase system 
was agitated overnight. Rigorous exclusion of water is not necessary. 
The glass beads were subsequently washed with dimethyl formami de, aceto-
n i t r i l e , methanol and dichloromethane. Residual unreacted amino func­
tions were acetylated by treatment of the loaded support with a solu­
t ion of acetic anhydride (2 ml) and N,N-dimethylaminopyridine (100 mg) 
in 10 ml of pyridine for 30 min at room temperature. 
The glass support was washed with dry pyridine and residual s i lanol 
groups were blocked by s i l y l a t i o n , using a solution of chlorotr imethyl-
silane (0.5 ml) in dry pyridine (9 ml) at room temperature overnight. 
The support was then washed with pyr idine, dimethyl formami de, acetoni-
t r i l e , methanol and f i n a l l y dichloromethane and dried -in vacuo over so­
l i d potassium hydroxide. 
The amount of covalently bound S'-O-idimethoxyJtritylthymidine was 
determined by treatment of a sample (5-10 mg) with a solut ion of 80% per­
chloric acid in ethanol (1/1), followed by comparison of the absorbance 
of the result ing red solution with a set of standard (4,4'-dimethoxy)tr i-
ty l chloride solutions in the same solvent mixture using a standard cur­
v e 1 7 . The loading was determined to be 32 ymoles/g. 
Synthu¿i oí íiUZy p/iotíctíd oiÁ^otíujmldtjZatu 
The preparation of oligothymidilates was based of the previously pub-
l i shed method11 using the present intermediates. Thus, 100 mg of the im-
mobilized thymidine derivative were placed in a column functioning as the 
flow-through reactor of a simple bench top synthesizer10 , constructed 
from Omnifit parts and a Rheodyne solvent selector. Al l chemical and 
washing operations were performed іл the solvent selector, with the ex­
ception of the introduction of the bui lding blocks (I.e.. the compounds 
3?-g)· 
The cycle was started with the removal of the protection of the 5'-
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s i te and washing (MeCN, 2 and 1J min, respect ively). 0.1 ml of a 0.64 M 
solution of a phosphoromorpholidite 3 in dry acetoni t r i l e , activated by 
admixture of 0.3 ml (50 equiv.) of a 0.45 M standard solution of anhy-
drous 1-hydroxybenzotriazole in dry THF (prepared by simply pul l ing the 
required solutions in to a 1 ml Hamilton syr inge), was then injected i n -
to the column. 
The solution was l e f t in contact with the inmobil i zed thymidine deriv-
at ive for 3 min and the support was then washed with THF (0.5 min). The 
generated 3'.S'-phosphite linkage was oxidized with iodine (0.5 min) to 
give the phosphate t r i es te r . The support was then re-washed (with THF 
and MeCN; J min each) and residual unreacted S'-hydroxyl groups were ace-
t y l ated (1 min). The support was then washed successively with acetoni-
t r i l e and 1,2-dichloroethane. 11J Min were required to complete one cycle. 
An e ight - fo ld repet i t ion (4- fo ld i f 3g is used) of the above cycle com-
pleted the synthesis of each of the intended decathymidylates in i t s per-
t inent protected form (trace amounts of a hexamer being maximally formed 
using 3g). 
Vztachm&nt, deptoieeXion and a.na¿y¿.ü> OjJ thz emide, ptoduzti. The irano-
b i l i zed crude compounds were treated, at the support, with a solution of 
t r ich loroacet ic acid in 1,2-dichloroethane (5%) for 3 min and then wash-
ed free from acid using THF. The support was then removed from the co l -
umn and transferred to a small f lask. 
Following the addit ion of 3 ml of the mixture dioxane/methanol/4N NaOH 
(14/5 /1 , v / v / v ) , the glass beads were gently shaken for 5 min. The support 
was then f i l t e r e d of f with suction and washed with a l i t t l e water. The 
combined f i l t r a t e s were careful ly neutralized with acetic acid and con-
centrated ¿n vacuo. The residue was taken up in 1 ml of b i d i s t i l l e d water 
and f i l t e r e d through a mi l l ipore f i l t e r (0.2 M). 
At th is stage, without further pu r i f i ca t i on , the crude products were 
analyzed by reversed-phase and ion-exchange HPLC. Retention times for 
Т10:кыеллеа pfuue, system 1, 35.8 min; system 2, 27 rain; system 3, 22.4 
min; ¿on exchange, system 1 , 23.3 min, system 2, 26.5 min. 
PurUi¿caXÁ.on oi the. decathymidyZateA. The crude mixtures were subjec-
ted to gel chromatography on Sephadex G50 f i ne , previously washed and e-
qui l ibrated with t r i ethylarnnonium bicarbonate buffer (0.05 M, pH 7.6, 
column dimensions, 1.3x200 cm). 
The column was eluted with the same buffer at a flow rate of 10 ml /h, 
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2.5 ml fract ions being col lected. The desired product started to elute 
when 105 ml of eluent had been collected ( a f t e r 675 minutes). The e lu-
ate was checked by reversed-phase HPLC (system 1). Appropriate frac­
tions were pooled, freeze-dried, re-dissolved i n 1 ml of doubly d is­
t i l l e d water and desalted over Sephadex G25 (column dimensions, 1.3x53 
cm, flow rate 20 ml/h). Fractions containing the product were freeze-
dried to give the decathymidylates ( t r i ethyl ammoni urn salts) as f l u f f y 
so l ids. 
The isolated yields range from 2.1 mg (58 OD 2 6 0 ) , 20% for prepara­
tions in which 3e was used exclusively, to 5.4 mg (150 OD 2 6 0 ), 50% i f 
За was employed in the synthesis. The specif ied weights refer to hydra-
ted mater ia ls 2 0 . 
Enzymatie. hydtwlyili oi tht pwUilzd diCiUhyirUxUlaXii. A small amount 
(3-5 OD260) of a pure decamer was dissolved in 0.1 ml of ÍA¿O-HC1 buf-
fer (0.025 M, pH 8.5, containing ИдСІг 0.005 mmol e/ml). The solut ion was 
incubated in a water bath maintained at 37 0C and 1 μΐ of a solution of 
200 units of snake venóme phosphodiesterase in 2 ml of the same buffer 
was added. After 3 h, the solution was analyzed by reverse-phased HPLC 
(system 3). 
The decamer (retention time 22.4 min) was found to be completely de-
graded to thymidine 5'-monophosphate and thymidine (retention times 5.7 
and 11.4 min, respectively) in the ra t io 9 / 1 , as predicted by theory. 
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Chapter 5* 
RAPIP SyWTHESIS OF WA FRAGME f^Γ5 ON COAfTROLLEP PORE GLASS USING 
2-№THVLSULPHONVL)BTHVL VEOKVNUCLEOSÌVE PHOSPHOROMORPHOLmTES 
ABSTRACT 
Oligodeoxynucleotides (primary and mixed sequences) were prepared on 
controlled pore glass, v-U the syringe method, using S'-CMN-acyl-S'-O-
CM'-dimethoxyJtr i ty l-Z'-deoxynucleosidyl} 2-(methylsulphonyl)ethyl 
phosphoromorpholidites for chain elongation. The morpholidites possess 
high s t a b i l i t y and the i r application in coupling reactions proceeds with 
an eff ic iency better than 95% within 2 minutes, l-hydroxybenzotriazole 
being used as the acidic act ivator. A complete elongation cycle could 
thus be shortened to approximately 5 minutes. 
Deprotection of base residues and of the internucleotide phosphate 
groups as well as detachment of the product from the so l id support were 
achieved in one operation with aqueous amnonia. The resul t ing S'-O-pro-
tected DNA fragments were easily pur i f ied by reversed phase HPLC. Com-
pletely deprotected DNA fragments were obtained by removal of the t r i -
t y l moiety pr ior to the treatment with amnonia, and pur i f i ca t ion was 
then achieved by gel electrophoresis. The general app l i cab i l i t y of the 
method was demonstrated by the synthesis of a nonadecamer, a pentacosa-
mer and two mixed probes, one containing 64 heneicosamers and the other 
64 heptacosamers. 
INTROPUCTION 
The introduction of phosphoramidites1»2 has greatly improved the phos-
phite t r i es te r 3 method for synthesis of DNA fragments by the so l id phase 
method. When methyl phosphoramidites are chosen for these syntheses, 
the i r application is going with two disadvantages which have been des-
cribed in Chapter 1 . One of them is the occurrence of some internucleo-
t ide cleavage during removal of the methoxyl group with thiophenolate1*. 
The other disadvantage concerns a precarious side reaction resul t ing in 
the i r revers ib le methylation of the N3-position of thymine residues oc-
*Nucl. Acids Research, submitted. 
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curring in the desired DNA fragments5. 
Of l a t e , however, more suitable protecting groups for phosphorus have 
been advocated6"10. Among these guarding funct ions, suitably ß-function-
al ized ethyl groups6"8»10 are par t icu lar ly useful since they can be re-
moved instantaneously by ß-elimination, at a s i te remote from the phos-
phorus atom, in the same operation that detaches the nucleotide chain 
from the support and cleaves the N-acyl groups from the base moieties. 
In the previous chapter, we applied the 2-(methylsulphonyl)ethyl 
(Mse) group for the protection of phosphoromorpholidous acid esters de-
signed for use in sol id phase syntheses12. This work demonstrated the 
at t ract ion of th is funct ion1 1 in general, and the app l icab i l i t y of the 
Mse group in nucleotide syntheses in p a r t i c u l a r 7 · 1 2 · 1 3 . 
In th is chapter, we describe a simple protocol for the rapid synthe-
sis of oligodeoxynucleotides (also mixed sequences), requiring a mini-
mal investment of time and laboratory equipment. 
PROCEPURES and RESULTS 
Synthe¿¿& oí phoAphcMomoKphoLiaiXa, 
The compounds 3a-3d of Scheme 5.1 were obtained via a route, similar 
to that described previously12 (c.{ Chapter 4 ) . For protection in these 
compounds the 2-(methylsulphonyl)ethyl group was preferred, since i t s 
'slimness' has been proved to contribute strongly to the homogenity and 
y ie ld in so l id phase syntheses12. 
CHJSOJCHJCHJO-P-N 0 
В I w 





Scheme 5.1 Synthzbii of, pnopeAty pHottcXtd d&OKynu.c¿zoi¿d& pho&phoiomon.-
photicLUzi 3. В denotzi: ThymiML (T) In 3a; N^-dcphtnulacztiji-
adznine. (APp l^ in 3b; ñ2-dÍpkmLj¿a.ciíttj¿gua.yUm (6рраІ in 2c ол l^-lo-toi-
ytìcytoiim {cToÌ-ì'ln 3d 
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Solutions of the crude compounds are stable in the presence of a base, 
since: 
1. the phosphoramidite moiety, -0P(0R)-NR'R', appears to be a poor leav-
ing group in e-elimi nations, in contradist inct ion to the comparable 
pentavalent phosphorus res idue 1 2 · 1 3 
2. the base protects phosphoramidites against nucleophilic attack which 
is promoted by (even very small amounts of) acid. 
In the presence of a base crude 3a-3d could be isolated by aqueous ex-
tract ion and further pur i f ied by chromatography through s i l i c a , see Fig. 
5 . 1 . Exclusion of oxygen appeared unnecessary, since neither during the 
synthesis nor during storage at room temperature ( for more than a year) , 
oxidative deter iorat ion was observed (31P NMR, TLC and app l icab i l i t y i n 
oligonucleotide synthesis). 
SyvUhíili oí р/ималу otÍqode.oxmu.cZe.o£Ídt& and oí nU.xzd бгоигпсгі 
Previously we demonstrated that compounds 3a-3d are well suited for 
sol id phase synthesis on control led pore g l a s s 2 0 , using a semiautomatic 
bench top synthesizer 2 1 . As a consequence of i t s high mechanical s tab i­
l i t y , access ib i l i ty for solvents and reagents, inertness and very high 
flow rate, control led pore glass was expected2 2 to be also a good sup­
port for use in the syringe method of Letsinger 2 3 . For the present goal 
(synthesis of the compounds of Table 5.1), we used compounds 3a-dinthe 
l a t t e r method. 
The nonadecanucleotide 1 and the pentacosanucleotide 2 (Table 5.1) 
were designed for use in primer-elongation studies of pim-l and fes on­
cogene t ranscr ipts 2 1 1 , respectively. The mixed sequences 3 and 4, compri­
sing 64 heneicosa- and heptacosanucleotides, respectively, were designed 
as probes for the detection of both structural and chromosomal gene se­
quences of creatine kinase (CK) in cDNA and genomic l i b r a r i e s . 
The oligonucleotide pool of the CK-probe 4 (Table 5.1) includes sev­
eral DNA-sequences encoding an evolutionary conserved stretch of amino 
acyl groups occurring in both CK-M and CK-B isoenzymes of various spec­
i e s 2 5 . The oligonucleotide pool of the CK-probe 3 was designed to allow 
discrimination between the two isoenzymic CK-DNA's. Details on these mol­
ecular biological studies w i l l be published elsewhere. 
The cycle given in Table 5.2 requires ar i thmet ical ly 4 minutes for the 
elongation with one nucleotide u n i t . In practice i t can be performed in 
5 minutes, allowing the synthesis of a dodecamer in one hour. 
64 
Table 5.1 
Fragment Length Overall Yield (2!)a Isolated Yield 
O D 2 6 0 % ь 
1 19 d(GGG CTG CTG CTG ACT GTG A) 50 12 2.0 
2 25 d(ATC TCC TCG TGC AGG TCC TGC AGT G) 38 10 1.3 
А 
С С А С С 
2 21 d(AA ТА GA TT ATG CC AAT) 37 16 2.1 
Τ Τ G Τ G 
Τ 
С С А С С С 
4 27 d(CAC TG GG TAC Τ CT AC TGC CCG) 33 18 2.2 
Τ Τ G G G G 
aTiie о ела££ yieZd ¿4 bcu>e.d on the. аигладе. couptLng &íi¿cUzncy рел ¿tzp, cu judged (,ιοπι ¿pzctfiophotomztiic deXeJwuL-
naXlon oi the. Vmt cation. 
bThz ¿ioùited y-Leld ¿& baied on the. amount 0(5 &іал£іпд nucZtoi-ide. bound to CPG. 
Table 5.2 ELOHGATÏOH CVCLB 






















S% t r ichloroacet ic acid 
in 1,2-dichloroethane (w/v) 
1,2-dichloroethane 
dry acetoni t r i le 
0.3 ml of 3 in dry acetoni t r i le 
(0.21 Μ) ί0.65 ml of HOBt i n 
dry THF (0.3 M) 
THF 
0.1 M iodine in THF/2,6-lutidine/ 
water 95:4:1 (v/v/v) 
THF 
acetoni t r i le 
4-(N,N-dimethyl)am1nopyridine 
(0.1 M in THF/Ac20/2,6-lutidine 
6:1.4:3 v/v/v) 
acetoni t r i le 
1,2-dichloroethane 
4x1 4x5 seca 
3 x 1 15 sec 
2 x 1 10 sec 















aPeAlod in uihcch the iotutA-on ¿i leit -си coniaci ииЛк the iuppont; the ¿y-
ілпде ¿i manually lotated 
bfoK a mixed poiitton, тсхЛіАел о^ acXvJOted 2'-deoxynacJteoò^de deAivatbj-
eò иіеле oled, иЛелели -the molax lateo of¡ panine and руилшіспг typeA а-
mounted to 3:2. 
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С С С G Τ (¡j) С A (¡j) Τ С β ) Τ (J) С A Τ ( f ) G G 6 Τ ({) С A 
Fig. 5.2 GawphíC лерлеле СаХіоп of, the coupling edfaciencu рел A-tcp duA-
-Lng tht iynthem 0& the mtxed CK-pn.obe [Ііеріасоіател, ¿equence 
4 -LH Table 5.1) 
Spectrophotometriс measurement of the extinction (498 nm) of the 4,4'-
(dimethoxy)trityl cation released in the f i r s t step of a cycle gives 
the coupling efficiency of each previous cycle (Fig. 5.2). The average coup­
ling efficiency in the synthesis of seq. 4, calculated from the data of Fig. 5.2, 
was 95.8%. Similar results were found for the other sequences of Table 5.2, indi­
cating that the synthesis of much longer stretches of oligonucleotides 
would be feasible. 
Ozpfiatzction, puA¿í¿cat¿on and <maÍy¿¿6 oí thz pKodacXi 
After completion of the synthesis, detachment and deprotection was 
Induced with concentrated апню ni a. This treatment rapidly removes the 
2-(methylsulphonyl)ethyl groups from the intemucleotide phosphate moi­
eties by ß-elimination and detaches the anchoring ester bond to the sup-
port by hydrolysis in a somewhat slower reaction. Upon wanning for a 
considerably longer time, the N-acyl protective functions are removed 
aminolytically. 
Dimethoxytrityl (Dmt) ether groups survive these conditions; Fig. 5.3 
shows a chromatogram of the crude nonadecamer (pim-1) bearing this func-
tion in 5' position. The Dmt group confers hydrophobicity to a complete 





J У J L 
8 12 16 20 
Fig. 5.3 RzveAizd pha&z HPLC ebition рко^Иг о^ the. anude 5'-0-Pmí-pim-í 
(left) Dfiobí (Rí= 7 min), ui-Lng intern 1. 
Fig. 5.4 RzveAizd phase HPLC zZwtíon pKoiiZe od the cAude S'-Ö-Pm-t-CK-
(middle) p/iobe 3 (R-t= )3.5 mini, conditioni ai In F-tg. 5.3. 
Fig. 5.5 Reversed pha&e HPLC ebition рло^Ие oí the слшіе S'-0-Vmt-CK-
(right) p*obe 4 (Ri= /0.5-15 min), eonditioni ал ¿η Fig. 5.3. 
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incomplete (capped) sequences. This principle is also applicable to can-
plicated mixed probes (Figs 5.4 and 5.5) and is in agreement with the ob­
servations of other authors 6· 2 6. In the mixed probeof Fig. 5.5 the hy­
drophobic fractions were even partly resolved, but no attempt was made 
to further separation. 
16 20 24 28 32 
MLW^^AAV^ L 
12 16 29 32 U) 0 
Fig. 5.6 HPLC-ptoJiileA of, cnude. Utit) and р и л л ^ е а {>u.gW p-m-l-piobe. 
1, when anatijizd об-tug Аг еллЫ phaiz (иррел, &yitejn 2) on. -иж 
exchange Пошел.) chnomaXognaphy 
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The isolated fragments bearing the Dmt group were subsequently deprotec-
ted by treatment with acetic acid (80%), and further pur i f ied by revers­
ed phase HPLCor gel f i l t r a t i o n . Reversed phase and anion exchange HPLC were 
also used to assess the qual i ty of the completely deprotected nonadeca-
mer (sequence 1) , pr ior to and af ter p u r i f i c a t i o n (Fig. 5.6). 
Table 5.1 gives the eventual isolated yields of pur i f ied products, 
based on the amount of deoxynucleoside derivat ive o r i g i n a l l y bound to 
the support. The yields of the isolated products are in agreement with 
those reported r e c e n t l y 2 6 ; some loss has to be ascribed to i r revers ib le 
adsorption to the RP-18 column27 during p u r i f i c a t i o n . 
Ami£i/i-u by chemiccU. cZeavage. 
The f u l l y deprotected fragments were terminal ly (5') labeled with 3 2P 
phosphate. The electrophoretic separation from excessive γ-32Ρ-ΑΤΡ a l ­
lowed a concomitant check of t h e i r homogeneity (Fig. 5.7). 
Fig. 5.7 Ааіошііодкаіпоі an 
еЛгсХлоркелодлат 
oi tíiz fWUfczd, nmty òyn-
thíiized oLigodiox.ynu.cJLe.o-
¿Ыел. The. otigonucZiotidu 
[σι -poolò] шеле. znzymcuU.-
csMjj ¿abeZedatthí 5' ¿¿te 
ui-cng γ-32Ρ-ΑΤΡ (лее text] 
and òubjecXed to eZe.ctn.o-
ркоіеліл, шНАскшал ргліоіт-
ed at 1500V antU thz талк-
ел Ibiomophenoibtae.) оссил-
n.zd at two thludò otf thz geJL 
tmgth. 4emU.rUng γ-32Ρ-ΑΤΡ 
mig>iated beyond the edge o (5 
the get du/Ung thli pefUod. 
Vecathyniidylate12 um Ы-







The prof i les demonstrate that essential ly a l l labeled material was pres­
ent in one band migrating to the posit ion expected for the length of a 
complete sequence. The DNA fragments extracted from the excised bands 
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Fig. 5.8 katofiadioglam o(, еІесХ>іорІіелодыт о ¡J the nonadecameA and the 
pool oi heptacoiome/u (A and B, leipectiveZy]. The nucleotide 
¿equencci (cf Table 5.1] меле detetmined u¿¿ng the method of, Maxam and 
GltbeAt18. Panet A: ShoAX and long lam of, ptm-l рлЛтел [Aeqaence 1, 
iTable 5.1]. PaneZ ß: Shoit and long ШУИ of the mixed CK-plobe [ie-
quence 4, Table 5.1]. ЕхЛлапеоил bandi [notably in the C-ipecÂflc lane] 
оле ¿ndLcated with OAAOWÌ. 
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As expected, the mixed probes could not be read unambiguously due to 
band splitting, caused by sequence-dependent interaction with the gel 
matrix. In addition, extraneous bands originating from the hydrazine 
reactions (specific for Τ and C) occurred at various positions of the 
sequence ladder, as described, amongst others by Banaszuk et α£ 2 θ. 
Sequences infered from autoradiograms as presented In Fig. 5.8, cor­
roborated the expected sequence. The relative Intensities of the bands, 
resolved in the lower regions of the gel and caused by the deliberately 
introduced heterogeneity in the mixed probes, approximated 1:1. This in­
dicates that equal efficiencies are obtained in the coupling reactions 
of both deoxynucleoside derivatives when the composition of the mixture 
of pyrimidinyl and purinyl units used to obtain degeneracy is as Indi­
cated in the experimental part. 
The presence of modified residues as a result of side reactions - and 
expected to be more prominent in the longer oligonucleotides - cannot 
fully be excluded. The chromatographic sequencing technique of Black and 
Gil ham 2 9 should probably answer this question; work In this respect is in 
progress. 
The oligonucleotides described in this work have been used sucessfully 
as substrates for: 
1. end-labeling by Τι,-kináse 
Z. second strand synthesis by DNA-polymerase according to Klenow (to be 
published) 
3. hybridization in experiments aimed at primer extension or for the de-
tection of homologous DNA and RNA sequences in Southern and Northern 
Blot techniques (to be published elsewhere). 
The presented method has been applied successfully by molecular biolog-
ists , not specially trained in practical organic chemistry, indicating 
the versatil ity of the method. Adaptation of the method to the use of 
paper as the support30·31 wil l be described shortly. 
EXPERIMENTAL 
Tetrahydrofuran (THF) and acetoni t r i le were dried by reflux over CaH2 
for 16 hours,distilled, and stored over 4A molecular sieves (Merck). 
THF was redistilled from lithium aluminium hydride and again stored over 
molecular sieves under an atmosphere of dry argon. 
l-Hydroxybenzotriazole (HOBt, Fluka Bucha, Switzerland) was recrys-
tall lzed from methanol, ground in a mortar and dried in vacuo for five 
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days at 60 0C over PzOs-S'-O-ÍM'-dimethoxyJtr i tyl thymidine (la)11* and 
3 , -0-{5 l -0-(4,4 , -d imethoxy)t r i ty l -2 , -deoxynucleosidyl } 2-(methylsulphon-
y l )ethyl phosphoromorpholidites12 were prepared according to the ci ted 
procedures. Controlled Pore Glass Long Chain Alkylamine (CPG, Pierce, 
500Â, pore diameter 125-177 pm) was loaded with the appropriate deoxy-
nucleoside derivatives as described11 previously. The HPLC system has 
been described12 too. 
Reversed phase HPLC was carried out on Lichrosorb 5RP-18 (Chrompack) 
at ambient temperature using the fol lowing mobile phase systems: 
Syitojm 1: 20-50% В during 5 minutes, followed by 50-55% В during 20 
minutes and f i n a l l y 1005Í В for 10 minutes 
Syitem 2: 10-30% В during 30 minutes, followed by 100% В for 10 min­
utes. 
ВЩел A: 0.1 M t r i ethyl armoni um acetate pH 7.0 
Ви^ел 8: idem, plus an equal volume of acetoni t r i l e . 
With both systems the flow rate was 1 ml/min and the detection of the 
eluted compounds was done at 260 nm; column dimensions: 150x4.6 ron. 
Ion exchange HPLC was performed at 55 0C using a stainless steel c o l ­
umn (250x4.6 ITTI) packed with p a r t i s i l IO SAX (Whatmann). The fol lowing 
mobile phase system was used: 0-70% В during 35 minutes, flow rate 1 ml/ 
min. Buffer A: 0.005 M potassium phosphate, pH 6.27, with 20% aceton-
i t r i l e (v/v). Buffer B: 0.80 M potassium phosphate, pH 6.27, with 20% 
a c e t o n i t r i l e ; detection: 260 nM. 
Щ NMR spectra were recorded with a Bruker apparatus (300 MHz), the 
solvent was CDCI3 containing tetramethylsilane as the standard. Meltinq 




W2-dipkinyZaceXyt-5'-0- [4,4'-cUmeXhoxyit>Uty¿-2'-de.ox.yguano¿¿ne.15 (le) 
The compounds lb and 1c were prepared according to a s l i gh t l y modi-
f ied published procedure16. To a suspension of 30 ruñóles of 2'-deoxy-
adenosine hydrate (dA, Sigma) or 2'-deoxyguanosine hemihydrate (dG, 
Fluka) in 120 ml of dry pyridine was added 19.2 ml (150 rmoles) of chlo-
rotr imethylsi lane (Merck). The result ing mixture was s t i r red magnetical-
ly at room temperature for 30 minutes (dA) or 1.5 hours (dG). 
Following the addition of 36 ml of a solut ion of di phenyl acetyl chlo-
r ide in dry dioxane (1 M) the result ing yellow mixture was s t i r red fo r 
another 40 min at room temperature and then cooled to 0 0C. 
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Water (30 ml) was added, and after 5 minutes concentrated aqueous alimo­
nia (120 ml). The mixture was stirred for 30 minutes, allowed to reach 
room temperature, then concentrated -en vacuo, and the resulting residue 
was dissolved in chloroform (250 ml, dA) or in chioroform-methanol 
(250:25 ml, dG) for extraction with water. The water layer was reversely 
extracted with chloroform, and the extract added to the solution of the 
main product. The combined organic layers were dried with anhydrous sod­
ium sulphate and concentrated to a small volume ( 50 ml). 
Addition of the tenfold volume of petroleum ether-diethyl ether (1:3, 
v/v), caused the nucleoside derivatives to precipitate in crude form. 
The supernatant solution was decanted, and the residues were dried for 
a short period (15-30 min) at 0.1 irnnHg. For derivatization of the 5 1 -
hydroxyl group, the crude compounds were dissolved in 40 ml of dry pyr­
idine and treated with (4,4,-d1methoxy)trityl chloride (9.8 g, 29 nrioles). 
The resulting coloured solution was stirred for 15 minutes, diluted 
with methanol (5 ml), and the nearly colourless mixture was evaporated 
in vacuo. The residue was dissolved in chloroform (250 ml) and extrac­
ted with a saturated sodium hydrogencarbonate solution and with water 
(100 ml each). 
The organic solution was dried (sodium sulphate) and evaporated to a 
small volume (50 ml). The'crude t i t l e compounds were precipitated by the 
addition of petroleum ether (500 ml) and then purified by flash cromato-
graphy through si l ica 60H (Merck) with 0.5% t r i ethyl ami ne and 42 metha­
nol 1n dlchloromethane as the mobile phase. The appropriate fractions 
were pooled, concentrated i n vacuo and precipitated with petroleum eth­
er. Overall yields: 80-85%. 
N*-{o-tofryt)-S,-0-[4J'-dim<tfkoxy)tbUyl-2'-dtoxycyUdine.15 (Id) 
To a solution of 6.82 g (30 mmoles) of 2'-deoxycytidine (Sigma) in 
50 ml of dimethyl formami de was added 60 ml of a 1 M solution of 2-meth-
yl benzol с anhydride in the same solvent. The mixture was heated for one 
hour at 80-85 0C, methanol (5 ml) was added, the solution was concentra­
ted in vacuo and the concentrate was diluted with dichloromethane-meth-
anol (95:5 v/v, 50 ml). 
Crude N'*-(o-toluyl)-2'-deoxycytidine precipitated by the addition of 
the tenfold volume of petroleum ether-diethyl ether 1:3 (v/v), and the 
precipitate was further treated with (4,4 ,-dimethoxy)trityl chloride, 
as described above for lb and 1c, to give Id (16.5 g, 85%). 
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Synthzi-ii o¿ ¿кг phoòphoiomoiphoLLditeA 3a-3d 
The partially protected nucleoside la , 5 ,-0-(4,4'-diniethoxy)trityl-
thymidine and the compounds lb-Id described above were converted into 
the corresponding 2-(methyl sul phenyl)ethyl phosphoromorpholidites as in-
dicated in Scheme 5.1 by reacting them with the phosphoromorpholidochlo-
ridite 2. The synthesis has been described previously12 in detail for 
compound 3a (c¿ Chapter 4) . 
Compound 3b: in.p. 79-88 0C, softening at 70 0C; TLC: Rf 0.47 (methyl-
ene chloride-ethyl acetate-triethylamine 9:9:2). 
Compound 3c: m.p. 115-123 0C, softening at 102 0C; TLC: Rf 0.12. 
Compound 3d: m.p. 89-97 0C, softening at 76 0C; TLC: Rf 0.49. 
'H NMR - SpuctAoZ data on 3b-3d 
Compound ЗЬ: СНз-502, ds, 62.84 and 2.92. ЗН; H2'/B-CH7/-CH7-N-CH?-/,45'/-
-CH^O-CH;,-, m, 62.93-3.64, 14H; OCH3, s, 63.72, 6H; а-СНг/Н11', m, 
63.80-4.25, 3 h , H ^ , m, 64.73, IH, Ph7-CH-C0, s, 65.76, IH; Н ^ \ t , 66.31, 
IH; anisy1-H3+H5t m, 66.68, 4H; phenyl-H/anisyl-H2+H6, m, 67.20, 19H; H^, 
s, 68.02, IH; H^, s, 68.52, IH; 6-NH, s, 69.10, IH 
Compound 3ç: CH -^SOz, ds, 62.90 and 3.02, ЗН, H2'/р-СН^-СН^М-СН^/Н51/-
-СН?-0-СН?-, m, 63.04-3.68, 14Н; -0СН3, s, 63.76, 6Н; а-СНу/Н1*', m, 
63.88-4.28, ЗН; Н^_, m, 54.66, IH; Phy-CH-CO. ds, 65.12, IH; H^_, t , 
66.17, IH; anisyl-H3+H5, m, 66.78, 4H; phenyl-H/anisyl-H2+H6, coi ci ding 
with H2, m, 67.28, 20H; Н^, s, 67.66, IH 
Compound 3d: toluyl-СНя, s, 62.52, ЗН; СНд-507, ds, 62.92 and 3.00, 
ЗН; H2'/g-CH7/-CH:,-N-CH7-/H5'/-CH2-0-CH2-, m, 63.04-3.68, 14H; -OCH3, s, 
63.84, 6H; a-CH7/H't', m, 63.88-4.28, ЗН; H^_, m, 64.66, IH, H^_, t , 
66.25, IH; anisyl-H3+H5, m, 66.88, 4H; phenyl-H/anisyl-H:'+H6, m, 67.33, 
13H; H]\ d, 68.30, IH; Н^, d, 68.38, IH. 
Synthu-ii and dzpKotzcXion. ofa thz oLigodçLOxymcZzotideA 
The support (100 mg), loaded with 3-3.2 pinole of one of the protec-
ted 2'-deoxynucleosides, was placed in a glass syringe (2 ml), bearing 
a Luer-lock containing a silylated quartz wool plug. The glass support 
was subjected to the appropriate cycles of eleven steps given in Table 
5.2, which is self explanatory. Except for steps 3 and 4, al l chemicals 
and solvents were commercial grade and used without any additional puri-
fication. No precautions were taken for the exclusion of oxygen during 
the cycles. For the coupling steps involving mixed positions, the pur-
ine and pyrimidine nucleoside derivatives were added in the proportion 
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3:2. After completion of the synthesis of a sequence, effective HPLC 
purification is possible when the S'-O-protecting group is not prev­
iously removed. Detritylation of the newly synthesized product on the 
support is performed, however, when the final purification is to be a-
chieved u-ta gel electrophoresis (e.g. after terminal tagging with ra­
dioactive phosphate). 
Concentrated aqeuous airmonia (1 ml) was drawn into the syringe and 
l e f t in contact with the support for 2 hrs at room temperature. The 
clear solution was then transferred from the syringe into a small ves­
sel. The support was washed with 1 ml of concentrated aqueous апліопіа 
and the wash fluid added to the main product. The vessel was sealed, 
and immersed in a paraffine bath maintained at 55 0C for 18-20 hrs. 
Subsequently, the vessel was allowed to cool to room temperature and 
the contents were evaporated to dryness. 
РилііісАііоп. oí the pKoducXé 
HPLC: The residue, remaining after evaporation and representing the 
crude product, was dissolved in about 100 oil of 0.1 M t r i ethyl armoni um 
acetate pH 7.0 and transferred to a small polypropylene tube (Eppendorf). 
Insoluble reaction products (diphenylacetamide etc.) were removed by cen-
trifugation. Aliquots of the clear solution (20 μΐ) were injected into 
the inlet of a reversed phase column and developed using system 1 ) , for 
isolation of the S'-O-dimethoxytrityloligonucleotide derivative (Ц Figs 
5.3, 5.4 and 5.5). 
The appropriate fractions (recognized by their longer retention time) 
were pooled, evaporated to dryness, redissolved in 1 ml of 80% acetic 
acid and l e f t at room temperature for 30 minutes for removal of the 
(4,4'-dimethoxy)trityl group. The solution was evaoorated, the residue 
redissolved in dilute aqueous armonia and again evaporated. The result­
ing crude reaction product (containing a primary sequence, entries 1 or 
2, Table 5.1) was taken up in 100 ul of 0.1 M triethylanmonium acetate 
pH 7.0 and again subjected to HPLC on the same reversed phase column, 
now using system 2. 
The appropriate fractions were pooled, and the oligonucleotides were 
isolated by evaporation and freeze drying from bidisti l led water. The 
detritylated mixed sequences (entries 3 and 4, Table 5.1) were nurified 
by gelf i l tration through Sephadex G50, using bidist i l led water as the 
mobile phase (flow rate 20 ml per hour). Relevant reactions were pooled 
and lyophilized. 
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Yields were determined by measurement of A 2 6 0 of aqueous solutions in b i -
d i s t i l l e d water in re lat ion to the amount of nucleoside i n i t i a l l y bound 
to the support. Extinction coeff icients used are A: 15,400; C: 7,500; G: 
11,700; T: 9,200 ( Ь т о Г 1 cm"!). 
Ge£ eiecfiopfio/iei-ci: The f u l l y deprotected crude oligodeoxynucleotide 
(20 μΐ containing ca 10 pmoles) was labeled at the S'-terminus by T^-po-
lynucleotide kinasp and γ-32Ρ-ΑΤΡ using standard methods17. The solutes 
were precipitated with 4 volumes of ethanol in the presence of 0.5% SDS 
and carr ier yeast tRNA (1.0 y g l , and then centrifuged. The sediment was 
dissolved in a mixture of formamide and a solut ion of 0.05% bromophenol-
blue and 0.05% xylenecyanol in 1 mM aqueous EDTA (9:1 v/v). 
The solut ion was loaded on an acrylamide gel (20% w/v, 40 cm in length) 
prepared in 7 M urea solut ion containing Tris-borate buffer (50 mM, pH 
8.3). Following electrophoresis, the product was detected by autoradio­
graphy, the relevant gel s l i c e excised, crushed and soaked for two hrs 
at 65 0C in a solut ion containing 50 mM T r i s , 100 mM NaCl and 5 mM EDTA. 
The oligonucleotides were recoverd from the supernatants and p u r i f i e d by 
DEAE-cellulose chromatography and precip i tat ion with ethanol. 
Sequence amZyiío oí thí otLgonuLctzotMu 
For determination of the sequence the DNA fragments were subjected to 
the sequencing method of Maxam and Gi lber t 1 8 . The following modifications 
were introduced: G-cleavage, 10 min 25 0C with 1 ul dimethyl sulphate; 
A + G cleavage, 60 min 37 0C with 2 μ! formic a c i d ; T + C cleavage and C-
cleavage, 30 min at 25 0C with 30 yl hydrazine hydrate and NaCl, respec­
t i v e l y . 
The reactions were stopped in the usual way, and the oligonucleotides 
of the four digests were recovered by ethanol precio i tat ion (4 volumes) 
in the presence of 10 yg of carr ier yeast tRNA. Pioendine-mediated 
strand cleavage and recovery by ethanol prec ip i ta t ion was done as des­
cribed by Smith and Calvo 1 9 . For analyt ical Polyacrylamide gel e lectro­
phoresis standard conditions were applied (20% 2/v acrylamidein 7 M urea 
solution containing Tris/borate, 50 mM, pH 8.3). 
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Chapter 6* 
SVUTHESIS OF SPIN-LABEIEP 01- ANP TRI-2'- Е0КУADENVLATÍS 
ABSTRACT 
Two spin-labeled dinucleotide derivatives and two spin-labeled t r inucleo-
t ide derivatives have been prepared via the phosphoramidite method, using 
2-(ieA^-butylsulphonyl)ethyl as the phosohorus protecting group. The con-
s t i t u t i on of the nucleotide dérivâtes was proved by HPLC, enzymatical de-
gradation and 1H NMR spectroscopy. The l a t t e r was performed pr ior to and 
after reduction of the spin label with ascorbic acid. 
2-(Ta/Lt-butylsulphonyl)ethyl N6-diphenylacetyl-S'-ö-^.A'-dimethoxy)-
trityl-2'-deoxyadenosyl phosphoromorpholidite (4) was prepared and used 
for the phosphitylation of N6-diphenyl acetyl-З'-Ö-levulinyl-2'-deoxyade-
noslne (7 ) , to give - a f ter oxidation with Iodine and removal of the 5 ' -
protection with TFA - the dinucleotide derivat ive 8. 
The t r inucleot ide derivat ive 10 was obtained by conducting the p a r t i -
a l l y protected dinucleotide 8 through another cycle with compound 4. Into these, 
using the phosphitylating reagent 5, the spin label was introduced 1n 5 ' -
posi t ion, giving compounds 9 and 11. 
Unexpectedly, the s t a b i l i t y of the spin label (an N-oxyl compound) was 
found so high that the function could be used as the def in i te blocking 
for the 3'-phosphate group in the 2'-deoxyadenos1ne moiety. Thus, s t a r t -
ing from 3 and using also compound 5, the З'-spin-labeled nucleotide de­
r ivat ive 6 was obtained. Via th is compound, the protected S'-spin-labeled 
d i - and t r inucleot ide derivatives 12 and 13 were prepared using compound 
4. Deprotection of 9, 11, 12 and 13 to the spin-labeled end products was 
achieved in one step using concentrated aqueous ammonia. 
INTRODUCTION 
The development of the phosphoramidite method1 for the synthesis of o l 1 -
godeoxynucleotides has increased the amount of research in t h i s f i e l d 2 
tremendously. The succes of the method is undoubtedly due to the re la-
- Reel. Trav. Chim. Pays-Bas №, 190-191 (1985). 
- Reel. Tr ív . Chim. Pays-Bas, accepted for publ icat ion. 
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t i v e l y h i g h s t a b i l i t y of the deoxynucleoside-a'-phosphoramidites, which 
contrast favourably with the e a r l i e r aoplied phosphorochloridites3»1*. 
Unti l recently, the deoxynucleoside-S'-phosphoramidites have been ap­
pl ied exclusively in so l id phase syntheses of DNA fragments. With th is 
technique, r e l a t i v e l y small quantit ies (0.5-2 mg) of pure oligodeoxyri-
bonucleotides are obtained. Nevertheless, these amounts are usually more 
than s u f f i c i e n t to meet the needs of molecular b io log is ts . 
Biophysical studies (NMRmeasurements or X-ray analyses), however, re­
quire greater amounts of synthetic DNA fragments of a high degree of p u r i ­
t y . Recently, we described the 2-(methylsulphonyl)ethyl group (Hse) for the 
protection of deoxyribonucleoside-S'-phosphoromorpholidites in so l id 
phase syntheses 5 · 6 · 7 (Ц Chapters 4 and 5). 
Apart from t h e i r reproducibly high p u r i t y , the main advantage of these 
derivatives resides in the fact that Mse-groups can be removed very rap­
i d l y from the generated phosphotriesters by ß-el imination, i n the same 
operation, v-Lz. treatment with concentrated aqueous aimonia, that remov-
es N-acyl protections at a slower rate. 
In Chapter 3 we described the synthesis of a number of a r (a lk )y lsu l -
phonylethyl phosphorodichloridites8. A number of these compounds is crys-
t a l l i ne and easy to handle, 2 - ( i e ^ -bu t y l sul phenyl )ethyl phosphorodi-
ch lor id i te excell ing in th is respect. By i t s higher l ipoph i l i c character 
in comparison with the Mse-group, the ßtse-group, lends i t s e l f better for 
application to syntheses with soluble intermediates, since i t s s o l u b i l i -
ty in the required apolar media is higher. The Btse-groupis removed with 
the same rate as the Mse-group6.9, since the reaction rate deoends on the 
acid i ty of the protons at the B-carbon atom. 
In th is chapter we describe the application of the B^se-group for pro-
tect ing phosphorus during syntheses in so lu t ion , via a phosphoramidite 
approach, of d i - and tr i^ ' -deoxyadenylates incorporating a spin-labeled 
phosphate group at ei ther the 51- or S ' -s i te (9a-13a, Scheme 6.1). The 
spin-labeled oligodeoxynucleotides were designed for binding experiments 
with a v i ra l pro te in , monitored by Ή NMR. 
RESULTS 
Kzy iwtVmzdMvtzi 
The bifunctional phosphitylating reagent 2-( iM^-butylsulphonyl)eth-
y l phosphorodichloridite (1) was transferred into a monochloridite (2) 
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by b r i e f treatment with N-trimethylsilylmorpholine6 (Scheme 6.2). Subse­
quent phosphitylation of N 6 -diphenylacetyl-5 , -0-(4,4 , -dimethcu(y)trityl-
Z'-deoxyadenosine (3) with 2, followed by preparative chromatography, 
gave 2- (-teAt-butyl sul phonyl )ethyl N6-di phenyl acetyl -5 ' -0- (4,4 ' -dimeth-
oxy)trityl-2 l-deoxyadenosyl phosphoronrorpholidite (4) as a stable, color­
less compound in 92% y i e l d . 
Both primary and secondary hydroxyl groups can be subjected to i n t r o ­
duction of a spin-labeled phosphate residue. Thus, using 5, compounds 9 
and 11 and ілід compound 6, the nucleotide dérivâtes 12 and 13 are readi-
ly obtainable. 
SyrUhu.ii 0|5 oLÍgonucle.ot¿de¿ beaxing a. ipin ¿abet -in 5'-poi-Ltion 
The strategy for the synthesis of the f u l l y protected dimer 9, and of 
the corresponding t r imer ic derivative 11, are outl ined in Scheme 6.3. 
The pa r t i a l l y protected dimer 8, 3 l-0-{2-(teAi-butylsulohonyl)ethyl 
N6-diphenyl acetyl-3'-0-1evulinyl-2'-deoxyadenvlyl}-N6-diphenyl ace ty l -2 ' -
deoxyadenosine, was synthesized from 7, N6-diphenylacetyl-3 '-0- levul in-
yl-Z'-deoxyadenosine, and a small excess of the phosphoromorpholidite 4, 
by dissolut ion of the two compounds in a standard solution of 1-hydroxy-
benzotriazole in dry tetrahydrofuran (step 1). Progress of the condensa-
t ion giving the desired dinucleoside phosphite, could be monitored by 
th in layer chromatography, since the phosphite is characterized by a high 
Rf-value, due to i t s lower po lar i ty . Formation of the product was found 
to be complete w i th in about 5 minutes. Following oxidation of the phos-
phite with iodine (step 2 ) , the crude dimer was detr i ty la ted (step 3). 
This,reaction is accomplished with in 30 seconds by dissolution in 2% 
(v/v) t r i f l uo roace t i c acid in chloroform. Loss of purine residues could 
not be detected. 
Following the extract ion and t r i t u ra t i on procedures, described in the 
Experimental Section, v i r t ua l l y the only by-product accompanying the 
crude dimer 8, consisted of a re la t ive ly polar compound or ig inat ing from 
oxidation and de t r i t y l a t i on of the excess of phosphoromorpholidite, ap-
pl ied in step 1. This material was located at the base l ine of a th in 
layer chromatogram. 
Consequently, a rapidly performed chromatographic pu r i f i ca t i on , which 
consists merely of a selective f i l t r a t i o n through s i l i c a , step 4, suf-
f iced for complete separation10 . In th is way, 8 was obtained as a pure 
compound in 01% y i e l d , based on 7. The procedure described for the prep-
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tected trimer 10, which in turn was isolated in 79% y i e l d , calculated on 
the amount of the star t ing material ( 8 ) . Introduction of the spin label 
in to the S'-si te of 8 and 10, was achieved with 5, and the compounds 9 and 
11 were obtained in 81 and 05% y i e l d , respectively. The time required 
for one cycle, using the above strategy (implying: phosphitylation, o x i ­
dat ion, d e t r i t y l a t i o n , work-up procedures, p u r i f i c a t i o n and drying): av­
eraged out at 2-2.5 hours. 
Synth&iii 0$ oZlgonacttotidti Ьшг іщ a. ipbi ¿abeZ ¿n 3'-poi-ction 
The synthesis of the dimer 12 and of the corresponding tr imeric der-
ivat ive 13 are formulated in Scheme 6.4. 
1) A/HOBt 








0 P 0 - / Ν-Ó 












Il II ^ . 
ОВЧе 0Вт$е · 
Ά 
Scheme 6.4 Synthu-íi о^ poJvtuxZly p^otícXíd dl- ала &U-2'-deoxyadznyZ-
аХел II and /3. CondiX¿on¿ : 1-4 a¿ ipzcUd-Led in the. ¿гд znd o i 
Scheme 6.3 
Ogilvie and coworkers indicated in t h e i r investigations into the synthe­
sis of r ibonucleotides, that the removal of the levul inyl group with hy­
drazine is compatible with the use of the base-labile e-cyanoethyl group 
for protection of phosphate, at least at an analyt ical s c a l e 1 1 . Using the 
Btse-group for phosphate protection we took a s imi lar observation in ex­
periments on a chromatographic scale. 
The synthesis of the p a r t i a l l y protected dimer 8a (Scheme 6.3) on a 
larger scale was, therefore, attempted by treatment of the condensation 
product of 7 and 4 with iodine and then with hydrazine hydrate instead 
of TFA. Although no loss of the protection at phosphorus could be dem­
onstrated, the y i e l d of 8a never exceeded 50% (based on 7). 
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Therefore, this route was abandoned in favour of the strategy outlined 
in Scheme 6.4. Thus, compound 12 was prepared in 78% yield from compound 
6 and the phosphoromorpholidite 4 by a similar procedure as described a-
bove, now using the phosphorylated spin label for the blocking of the 
terminal S'-position instead of the levulinyl group. 
The protected trimer 13 was obtained similarly from 12 in 79% yie ld, 
demonstrating the stabil i ty of the protection at the 3'-phosphate group 
in this procedure. 
VupxaticJAon and analy¿¿& oí thz ¿pin-ùibeZed otigodioxynucZcotLdei 
With the exception of the piperidinyl moiety, al l protecting groups 
in 9, 11, 12 and 13 (Schemes 6.3 and 6.4) can be removed by treatment 
with a base, either according to our EjcB or а 5ДЕ mechanism. In prac­
t ice, they are readily removed with concentrated aqueous aimonia. When 
the reaction is carried out at 50 0C, the ъЧе groups are inmeasurably 
rapidly removed. The levulinyl group shows an intermediairy stabi l i ty; 
its removal is more gradual but completed before the total aminolysls 
of the Dpa groups (ca 18 hours). 
The 4-(l-oxyl-2,2,6,6-tetramethyl)piperidinyl ester moiety proved to 
be completely resistant against treatment with base. This is undoubted­
ly caused by the charge on phosphate, which is l e f t once the B^se group 
has been spl it off. The crude oligonucleotides were purified by Ion ex­
change chromatography to give (Ц Scheme 6.1): 
9a: 4-( 1-oxy 1 -2,2,6,6-tetraniethyl )pioeridinyl 
3 ' -0- ( 2 ' -deoxyadeny lyl ) -2,-deoxyadeny 1 ate 






as orange solids, homogeneous in thin layer chromatography and in HPLC 
(reversed phase and ion exchange). 
The presence of the spin label was proved by mixing a small aliquot 
of the nucleotide with an excess of L-(+)-ascorbic acid (one minute), 
prior to HPLC analysis (reversed phase). Ascorbic acid converts a ni-
trox into a hydroxylamine12, which is more polar, giving rise to a 
significant decrease of the retention time on reversed phase chromato­
graphy. The retention times for the spin labeled oligonucleotides are 
given in Table 6 . 1 ; values in brackets refer to the reduced forms. The 
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reduced compounds tend to reoxidize in contact with oxygen. 
Table 6.1 НРІ.С and TLC data o¿ ¿pin-labeAzd otigodzoxyUbonuctzotid&i 
9α-/3α. HPLC ¿убітл алг ¿pe.<U.i¿&d in the. cxpiiUmcntaZ ¿гс-
ilon. Vatuu -in b/iackzti сопселп /iztzuvUon iónei oí оргслел 
¿η whÁch thz nitnoxyl mo-Luty had pievA-ouily been ledacíd 
uiüth aòcoibatt 
HPLC (Retention times in minutes) TLC (Rf) 
Reversed Phase (Isopropyl alcohol: 
e . . ,»_ Anion Exchange ammonia : water = 
S y s t e π ,
 7:1:2, ν/ν/ν) 
1 2 3 
9a 18.10 10.20 4.46 4.20 0.54 
(13.10) 
Ila 17.45 8.95 3.96 5.30 0.51 
" " (13.90) 
12a 22.85 19.65 6.20 4.20 0.56 
(18.36) 
13a 21.85 17.04 5.50 5.30 0.51 
" " (18.50) 
The i d e n t i t y of the compounds 9a, П а , 12a and 13a was further confirmed 
by enzymatic digestion. Figures 6.1 and 6.2 show the reversed phase HPLC 
analyses of the hydrolysates of the trimers 11a and 13a, respectively. 
Since spleen phosphodiesterase as a S'-exonuclease requires an unoc­
cupied terminal S'-hydroxyl group for hydrolysis, the enzyme does not at­
tack compounds 9a and 11a but hydrolyses 12a and 13a completely to 3 1 -
^'-deoxyadenosyl (phosphate and 3'-(?-deoxyadenosyl ) 4-( l-oxyl-2,2,6,6-
tetramethyl)piperidinyl phosphate. On the other hand, snake venom phospho­
diesterase, a S'-exonudease does not attack 12a and 13a, but readily 
degrades 9a and 11a to 2'-deoxyadenylate and 4-(l-oxyl-2,2,6,6-tetrameth-
y1)pi peri di nyl 2'-deoxyadeny1 ate. 
The aromatic and the anomeric part of the 300 MHz 'H NMR spectra of 
the trimer l i a pr ior to and af ter reduction with ascorbic acid is re­
presented in Figure 6.3. 
In these spectra, the occurrence of three d i f f e r e n t Η2, Ηθ, and H1 ' 
is evident. They originate form the 5 ' - , the 'middle'- and the 3'-s i ted 
2l-deoxyadenosine residues of the t r inucleot ide derivat ive. The closer 
the resonating protons are to the paramagnetic ni t roxy l moiety the short­
er t h e i r relaxation times w i l l be, giving r ise to broader signals. Thus, 
86 
_ A ~ J 
τ—ι ι ι—г 
0 2 4 6 8 
UL 
0 2 4 6 8 
Fig. 6.1 Reveled Phase HPLC 
analyili liyitem 3) 
0(5 compound I fa a.¿te/i ¿ncuba.-
tion uUxh (Af '¿pie.en- and (8) 
inake venom phoiphodieiteAMe. 
Peak 1: Compound ila, unchang-
ed. 
Peak 2: î'-deoxyadenytate. 
Peak 3: 4-{l-oxyZ-î,2,6,6-
teXAonethyt) рірелЫ-
¿nyt 2 ' -deox.yadenylaJte 
Fig. 6.2 Reveled PhaAe HPLC 
analyilA dyitem 3) 
o¿ compound [Заa^teA -Lncuba-
tionuUXh (А)"ір£еел- and (8) 
¿nakívenom phoiphocU.eii.e'iaAe. 
Peak 1: 3'-l2'-deox.yadeno¿y¿i 
phoòphate 









0 2 4 6 8 Ю12 
J U 







(3) (5) (m) 
^~ 
I ' i ' ι ι ι ι ι ι ι I 
as PPM 7A 
lii. 
^ w V ' '<A J I I I I I I I ι 
62 PPM 5.7 
Ι ' ' ' ' ' ' ' ' ' ι 
a4 PPM 7£ 63 
Fig. 6.3 RtpieAintation ofa the слотаХіс and anome/Uc pant o¿ the SOO MHz 
[Zeit] lH MMR йрес&им oí the anneduced (иррел) and the tie.du.ced ¿atm 
[¿ошел] 0|j compound Πα. 
Fig. 6.4 ReptieAentaZion OjJ the олотаЛіс. and аиотел^с ралХ ol the 300 MHz 
{>u.Qht) lH NMR ¿ргсХлит о^ the а хеаисеа (аррел) and the leduced {¡оы 
(¿отел) oí compound [За 
H1' (m, 'middle') gives a re lat ive ly sharp s i g n a l , in comparison to H1 ' 
(5') in the upper spectrum, since i t resonates at a greater distance from 
the spin l a b e l . Consequently, H1' (3 ' ) gives the sharpest signal of the 
three anomeric protons. The assignment of the l a t t e r signal is also con­
firmed by the spectrum recorded for the ledaced compound. In th is spec­
trum, the signal of H1 ' (3 ' ) is a pure t r i p l e t , undisturbed by a nearby 
phosphate group. This signal is the least distorted in the upper spectrum. 
The aromatic and the anomeric part of the 300 MHz Ή NMR spectrum of 
compound 13a are represented in Fig. 6.4. 
Another s t r i k i n g feature turns up on comparison of the 0.5-1.5 ppm 
ranges of the 300 MHz spectra of the reduced forms of Ha and 13a (Fig. 
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6.5). In this part of the spectrum the signals of the four methyl groups 
of the 4-(2,2,6,6-tetraniethyl)piperidinyl moiety are located. Although 
merely one signal is found for the four methyl groups of the compounds 
bearing a spin label in З'-position (12a and 13a) four different sig­
nals are recorded in the spectra of 9a and 11a, due to non-equivalency. 
In the latter compounds, the 4-(2,2,6,6-tetramethyl)Diperidinyl moiety 
has a strong stacking interaction with the neighbouring adenyl residue, 
Fig. 6.5 RejM.eiert£at¿on oí the. 
high. lleMpaJitol the. 
300 MHz !« NMR ¿ргеХлшп oí the 
Kedaced compoandi Πα [Ігіі] 
and [За {^ligkt) -indiàvting /ling 
6tac£Cng 
M PPM 1.S PPM 
As a methyl group in these compounds 1s positioned more closely to that 
adenyl residue, i ts signal wil l shift to high f ie ld . The stacking in-
teraction is very weak in the S'-spin-labeled compounds 12a and 13a where 
the neighbouring adenyl residue is farther away. 
These observations confirm the differences in the retention times of 
the 3'- or S'-labeled compounds given 1n Table 6 . 1 . The better 'availa-
b i l i ty ' of the non-stacked, lipophilic 4-(2,2,6,6-tetramethyl)piperidin-
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yl moiety in 12a and in 13a for interaction with the hydrophobic, iirnio-
bile phase of RP-18 sil ica will lead to higher retention times. 
kfiptication od ¿pin-labeZid mctzotidii 
The d i - and trinucleotide derivatives discussed here were success-
ful ly used to study the binding groove of the single strand DNA binding 
gene-5 proteins encoded by the filamentous phages M13 and IKE, respec-
tively. Some well defined aromatic resonances of the protein 1H NMR 
spectrum are broadened beyond detection after the addition of merely 
1 mol-iS of the spin-labeled compound. The spectral distortion is abol-
ished by the addition of an excess of ascorbic acid. Details of this 
investigation will be published elsewhere13. 
Conclu&Áoni 
1. The application of the 2-(-teAi-butylsulphonyl)ethyl group for pro-
tection of the remaining hydroxy group in phosphorous acid esters such 
as nucleoside phosphoromorpholidites, contributes towards a rapid syn-
thesis of short oligodeoxynudeotides -in ioùxtlon; 2-3 coupling steps 
can be performed in one day. 
2. The end-products of the syntheses can be deprotected in one step, 
using a base. 
3. Reagent 5 lends i tsel f exellently for the introduction of spin-
labeled phosphoryl residues in primary and in secundary hydroxyl groups. 
4. The end-products are easy to maintain and the nitroxyl label ex-
hibits an unexpectedly high stabil i ty; i t can be reduced reversibly to 
a hydroxylamine, facil i tating signal assignment in NMR spectroscopy and 
peak assignment in HPLC. 
5. Spin-labeled comoounds can be analysed by TLC using K3Fe(CN)6/FeCl 
for detection. 
EXPERIMENTAL 
Pyridine, acetoni t r i le and tetrahydrofuran were dried by refluxing for 
16 h over calcium hydride, and were stored.after d ist i l la t ion, over mol. 
sieves (4n). THF was redistilled from lithium aluminium hydride and 
stored under argon over 4Ä sieves in a round bottomed flask, closed with 
a rubber septum. Commercial grade 1-hydroxybenzotriazole (HOBt) was re-
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crystallized from methanol, ground in a mortar and dried for five days 
at 60 0C over phosphorus pentoxide. The compound was f inal ly dissolved 
in dry THF to give a 0.45 M solution. 
Thin layer chromatography (TLC) was performed on precoated plates 
s i l ica, F251,). Compounds containing the dimethoxytrityl group were visua­
lized by spraying with a mixture of methanol and sulfuric acid ( 1 : 1 , 
v/v) resulting in the formation of orange-red colored spots. Subsequent 
heating at 110 0C for 5 min turns loci containing deoxyribose pyrolyti-
cally into black spots. Compounds bearing the spin label, 4-hydroxy-(l-
oxyl-2,2,6,6-tetramethyl)piperidine, were conveniently distinguished as 
blue spots using a mixture of aqueous solutions of 1% КзРе(СМ)6/155і 
РеС1э-б НгО ( 1 : 1 , v/v) for spraying. 
The HPLC equipment has been described previously6. For reversed phase 
HPLC analyses a column (150x4.6 m) containing Lichrosorb-5 RP 18 
(Chrompack) was used. Separations were performed with mixtures of the 
buffers A and В having the following composition: 
- ЬиЦел A, 0.1 M t r i ethyl armoni um acetate, pH 7.0 
- ЬиЦел В, 0.05 M triethylaimonium acetate, pH 7. O/acetoni t r i le ( 1 : 1 , 
v/v). 
They were mixed to give: 
- iyótm 1: linear gradient from 15% to 30% of buffer В in 30 min 
- ¿yuan 2: isocratic, 30% in buffer В 
- iyitm 3: isocratic, 20% in buffer B. 
The extinction of the effluent at 258 nm was continuously recorded; 
flow rate of 1.2 ml/min. 
Anion exchange HPLC was performed on a stainless steel column (250 χ 
4.6 nm) packed with Partisil 10 SAX (Whatmann) at ambient temperature, 
using potassium phosphate solution (0.045 M, pH 6.27) containing aceto-
n i t r i l e (20%) as the eluent. 
For 90 MHz 1H NMR spectra, a Bruker WH90 was used. Samples were dis­
solved in СОСІэ containing teitranethylsilane as the internal standard. 
Ή NMR spectra at 300 MHz were recorded with a Bruker apparatus (300 MHz) 
at ambient temperature. The oligonucleotides 9a-13a were dissolved in 
D2O to give a final concentration of 0.0005 M. The standard was the HD0 
peak at 4.765 ppm (297 K). 
Reduction of the nitroxyl group was performed ¿n A-UU. by the addi-
tion of aimonium L-(+)-ascorbate to a final concentration of 0.008 M. 
UV spectra (Cary 118, UV/vis) were recorded using water as the solvent 
and the reference. Compounds 1 and 2 were synthesized according to known 
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procedures5·6. Melting points were determined with an apparatus of the 
firm BUchi (Tottoli). 
N6-<Uphznyui(i(LtyZ-5'-0-{4,4'-cUjiiethoxy)tAUJ:yl-2'-dtoxyadtnoiinz (3) 
Compound 311* was prepared according to a published procedure15, with 
slight modifications. To a suspension of 3.23 g (12 imoles) of 2'-deoxy-
adenosine monohydrate (Sigma) in 48 ml of dry pyridine was added 7.68 ml 
(60 imioles) of trimethylsilylchloride (Merck). The mixture was stirred 
for 30 min and a solution of di phenyl acetyl chloride (1 M, 14.4 ml) in 
dry dioxane was added. 
The resulting mixture was stirred for 1 hour at room temperature and 
then cooled to 0 0C. Subsequently, 12 ml of water and about 5 min later 
48 ml of concentrated aqueous ammonia were carefully added. The reaction 
mixture was le f t for another 30 min at room temperature and then concen-
trated -in vacuo. The residue was taken up in chloroform (100 ml) and 
f i l tered. 
The f i l t ra te was extracted two times with water (40 ml each) and the 
combined water phases were once again extracted with chloroform (50 ml). 
The organic phases were combined, dried with sodium sulphate and concen-
trated to about 25 ml. This solution was then diluted with a mixture of 
diethyl ether and petroleum ether (3:1 v/v, 250 ml) to precipitate crude 
N6-diphenylacetyl-2'-deoxyadenosine. The crude compound was shortly dried 
-in vacuo (15 min), dissolved in dry pyridine (32 ml), and (4,4 l-dimeth-
oxy)trityl chloride (4 g, 11.8 moles) was added. 
The reddish-brown solution was stirred for 15 min at room temoerature 
and following the addition of methanol (2 ml) the mixture was concentra-
ted ¿n vacuo. The oily residue was dissolved in chloroform (100 ml), ex-
tracted with sodium hydrogen carbonate (sat . , 100 ml) and with water (50 
ml). The organic layer was dried and concentrated ¿n vacuo to a small 
volume (30 ml) which was diluted with petroleum ether (300 ml), to pre-
cipitate crude 3-
The product was dissolved in dichloromethane and purified by 'flash 
chromatography' using sil ica gel (60H, Merck), packed in a glass column 
(dimensions: 0 7.5, 6.0 cm bed height). Pure 3 was eluted with a mixture 
of methanol and dichloromethane (1:25). The product was isolated by di -
lution with petroleum ether and f i l t ra t ion , and was stored ¿n vacuo over 
solid potassium hydroxide. Yield: 7.2 g (80%). 
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2-{tert-Bu¿y¿¿,u¿ph.onyÍ\eXhy¿ Hb-dMplriznyiAtiiXyl-S'-O-W.r-dijtiiiXhoxy)^.-
tyl-2'-агокуаагпобуі phoiphoiomoiphotiAite. (4) 
Compound 4 was prepared from 2 and 3 in 92% isolated yield in the same 
way as was described previously for the synthesis of 2-(íeAí-butylsulpho-
nyl)ethyl 5 l-0-(4,4'-diniethoxy)trityl-thyinidyl phosphoromorpholidite6. 
Compound 4 constituted a stable white powder. 
TLC, Rf (EtOAc/CH2Cl2/Et3N= 45:45:10, by volume) : 0.49. Melting tra-
ject , 93-102 0C (softening at about 70 0C). ^ NMR (90 MHz) (СНдЬС: ds, 
6 1.37, 9H; H2'/B-CH7/CH2NCH2/H5'/-CH?.0CH2-: m, 62.95-3.70, 14H; CH3O-: 
s, 63.76, 6H; H1*'/ a-CH2, m. 64.20, 3H; H ^ \ m, 64.88, IH; Ph?CHC0, s, 
65.95, IH; H^_, t . 66.46, IH; anisyl-H3-fH5, m, 66.76, 4H; anisyl-H2+H6/Ph. 
m, 67.40, 19H; H2, s, 68.12, IH; Н , s, 68.66, IH; N6-H, s, 68.84, IH. 
2- (tert-Butyl&ulphonyl] eZhyl 4- i1-oxyl-2,2,6,6-£<Wumi!Xhyl]рІролЫІпуІ 
phûiphoiomoiphotùiite (5) 
To a solution of 4-hydroxy-{l-oxyl-2,2,6,6-tetraniethyl)piperidine 
(1.722 g, 10 mmoles) in a mixture of di chiorómethane (30 ml) and Ν,Ν,-
diisopropylethylamine (14 ml, 60 mírales) was added a dichioromethane so-
lution of the phosphitylating reagent 2 (20 nnoles), with st irr ing. After 
about 5 min at room temperature, the red solution was transferred to a 
separatory funnel, diluted with ethyl acetate (300 ml), extracted with 
a saturated sodium chloride solution (4 portions of 400 ml) and dried 
with sodium sulphate. 
The extract was then evaporated in vacuo to leave a red o i l , which 
was dissolved in a mixture of triethylamine and dichloromethane (1:9, 
v/v) and purified by flash chromatography (sil ica gel 60H, 50 g; col-
umn dimensions, 3.5x12 cm), using the same mixture for elution (under 
pressure, 25-30 cm Hg). Fractions containing the pure product were pool-
ed and evaporated to give 5 as a red o i l , which did not crystallize. 
Yield: 4.35 g (96%). 
TLC, Rf 0:68 (EtOAc-CH2Cl2-Et3N=45:45:10); ^ NMR (90 MHz), broad 
signals: (CHahC-, s, 61.42, 9H; -CH?NCH2-, coincident with e-CH2, app. 
s, 63.15, 6H; -CH?-0-CH2-, app. s, 63.60, 4H; a-CH?, app. s, 64.20, 2H. 
The compound was stored at -18 CC as a 0.5 molar solution in dry ace-
toni t r i le ; i t is then stable for about two weeks. The neat compound is 
stable for at least six months, at -18 0C. 
2-[tert-Buty¿iu¿phony¿)ethyl N6-cU.pliiinyta.ce¿y¿-2'-dzoxyadmo&yl 4-[i-ox-
yl-2,2,6,6-і<і*лтеХкуІ)рір<іАЫА.пуІ phoiphate (6) 
Compound 3 (1.49 g, 2 mmol es) was dissolved by addition of 6.8 ml of 
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the standard solution of 5 in acetonitrile. Following the addition of 
HOBt (19 ml, 0.45 M in THF), the solution was stirred for 10 minutes 
at ambient temperature and then cooled to -10 0C. The resulting phos-
phite was oxidized ¿n. i-iXu. by the addition of iodine (35 ml, 0.1 M, sol-
vent: THF/2,6-lutidine/water= 94:5:1 by volume). The brown solution was 
concentrated -en vacuo, the resulting gum was dissolved in chloroform (85 
ml), and the mixture was extracted with water (30 ml) containing a few 
drops of sodium hydrogen sulphite (1 M) to neutralize excessive iodine. 
The organic layer was again once extracted, now with potassium hydrogen 
sulphate (40 ml, 0.2 M), dried with sodium sulphate and mixed with a so-
lution of trifluoroacetic acid in chloroform (1:25, 85 ml) to deprotect 
the 5' hydroxyl group. 
After 30 sec. methanol (2 ml) was added as a scavenger of the result-
ing carbonium ions, and pyridine (5 ml) to neutralize the acid. The clear 
solution was extracted with water, dried with sodium sulphate and evapo-
rated to a small volume (25 ml). Petroleum ether (250 ml) was added, re-
sulting in the precipitation of a waxy solid. This was dissolved in a 
l i t t l e dichloromethane containing 4% of ethanol, and the solution was 
applied to a column packed with si l ica 60H (15 g, column dimensions: 
2.5x6.2 cm) in the same solvent. The column was rapidly eluted under 
low pressure (10-20 cm Hg) again with the same solvent. 
The fractions containing the orange-red product (6) were pooled, eva-
porated and f inal ly precipitated from petroleum ether to give 1.26 g 
(76%) of an amorphous solid, homogeneous on TLC; Rf 0.29 (methanol-di-




Compound 3 (2.24 g, 3 mmol es) was dissolved in dry pyridine (10 ml). 
Levulinic anhydride in dioxane (6 ml, 1 M) was added, followed by 0.3 
mmole of N,N-dimethyl-4-aminopyridine as a catalyst. The reaction mix-
ture was stirred for 30 min at room temperature, concentrated to an oil 
and redissolved in chloroform (100 ml) for extraction with water (40 ml) 
and potassium hydrogen sulphate (50 ml, 0.2 И). 
The resulting compound was deprotected at the 5'-site during 30 sec 
by the addition of TFA in chloroform (100 ml, 1:25, v/v) and quenching 
of the t r i t y l ion with methanol and pyridine as described above. 
The organic layer was extracted with water (50 ml), dried, concentra­
ted to ca 25 ml, and diluted with the tenfold volume of petroleum ether 
to precipitate crude ( 7 ) , wich was subjected again to flash chromato-
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graphy. Yield: 1.3 g (80ï) . 
TLC, Rf 0.38 (methanol-dichloromethane=2:25}. Щ NMR (90 MHz): Lev-
CH3, s, 62.21, 3H; Lev-CH2-CH2-, m, 62.47-3.0, 4H; H^_, m, 63.0-3.3, 2H; 
H 5 ' , s, 63.93, 2H; НЦ\ s, 64.27, IH; H^_, d, 65.55, IH; Ph2CHC=0, s, 
65.95, IH; H^_, dd, 66.33, IH; Ph, m, 67.38, 10H; Hf_, s, 68.05, I H ; H^, 
s, 68.68, IH, Nf-H, s, 69.18, IH. 
вгпглаі рлосгаилг joi -tfee iynthuii oj S and 10 
2- (tert-btityliulphonyl] iithyt 3 '-{Ыъ-<иркгпу1&е.г£у£-2'-dcoxyadino&yl} 
Ub-<Uphwyiaciityl-3'-0-ttvuLLnyl-2'-de.oxyadiinyùUz (?) and 
2-1tert-butyliulphonyt]tfhyl 3'-{Hs-dÍphwy¿ac<Uy¿-2'-de.oxyadmo¿y¿} 
3 ' -О- {2 - ( tert-butyt&uZphonyt) eXhyl H^-dlphnnyiacvtyl-y -O-ltvuluiyl- 2 ' -
dioxyadznytyt}-Nb-(U.phe.nyta.cttyl-2'-dioxyade.nytate. (10) 
The experimental conditions given concern the synthesis of 8 but are 
as well applicable to the synthesis of 10 by conduction of compound 8 
through a new cycle with 4. 
Compounds 7 (0.6 g, 1.1 irmole) and 4 (1.56 g, 1.52 mmol e ) were dis­
solved in a solution of HOBt in THF (8.5 ml, 0.45 M). The reaction mix­
ture was stirred for five minutes, cooled to -10 0C and oxidized with 
iodine (15.5 ml, 0.1 M in THF/2,6-lutidine/water=95:4:1 as the solvent). 
The mixture was evaporated to dryness, the residue dissolved In chloro­
form (60 ml), extracted with water (25 ml) containing a few drops of a 
1 M solution of sodium hydrogen sulphite and, subsequently, with potas­
sium hydrogen sulphate (30 ml, 0.2 M). 
The organic phase was dried, treated with TFA (50 ml solution), meth­
anol (2 ml) and pyridine (3 ml) as described above. The resulting solu­
tion was extracted with water, dried, concentrated and diluted with the 
tenfold volume of petroleum ether causing precipitation of the product. 
The crude product was purified by flash chromatography ( s i l i c a , 12 g, 
column: 2.5x5 cm, eluent: ethanol/dichloromethane= 1:25). The column 
was rapidly eluted using a low positive air pressure (10-20 cm Hg). 
Fractions containing the pure product were pooled, concentrated ¿n va-
cuo and precipitated with petroleum ether to give amorphous 8. Yield: 
1.07 g (81%); TLC; Rf 0.40 (methanol-dichloromethane= 2:25). 
Starting from 8 (455 mg, 0.38 moles), 560 mg (79%) of the trimeric 
compound 10 were obtained. TLC, Rf 0.37 using the same mobile phase as 
specified for 8. 
'H NMR: Compound 8: (СНз)зС-, ds, 61.40, 9H; Lev-СНз, s, 62.21, ЗН; 
Lev-CH2-CH2-/H2', m, 62.44-3.11, 8H; 6-CH?, арр. q, 63.25, 2Н; H5' (5'-
terminal), арр. s, 63.82, 2Н; H5' (3'-tenninal)/H' t', m, 64.25-4.48, 4H; 
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a-CH2, dt, 54.55, 2Н; H3' (5'-terminai),m, 65.28, IH; H3' (3'-terminal), 
m, 65.51, IH; PhzCHCfO), s, 65.92, 2H; Н ^ , m, 66.46. 2Н; Ph, m, 67.38, 
20H; Н^ (2x), 2 x s , 68.16 and 8.24, 2 x l H ; Hf^  (2x), 2 x s , 68.62 and 8.69, 
2 x l H ; N^H, s, 69.23, 2H. 
1H NMR: Compound 10: (СНз)3С-, dds, 61.40, 18H; Lev-СНз, s, 62.21. 3H; 
Lev-CH7-CH?-/H2',m, 62.44-3.11, 10H; e-CH2, m, 63.11-3.38, 4H; H5' ( 5 ' -
terminal), m, 63.84, 2H; H5' (3'-termina1 and internucleotide)/H''', m, 
64.25-4.48, 7H; a-CH2, m, 64.48-4 69, 4H; H3' (5'-terminal and internu-
cleotide), m, 65.28, 2H; H3' (3'-tenmnal), m, 65.51, IH, Ph?CHC(0), s, 
65.92, 3H, H^\ m, 66.46, 3H; Ph, m, 67.28, ЗОН; Н^ (3x), 3 x s , 68.09, 
8.24 and 8.29, 3x IH, Н^ (Зх) 3 x s , 68.62, 8.63 and 8.69, Зх IH, N6-H, 
S, 69.18, ЗН. 
2-(tert-ButyliLLÎphonyl)eXhyl 4-ÍT-oxul-2,2,6,6-tefuuneXhyÍ)pipeA-LcUnyZ 
3'-0-{2- {tert-bixtyliuZphonyl} eXhyl N^-cUphinyUaetyl-S'-O-livuLuiyl-î'-
dzox.yculznylyi}-N&-tlLphQ.nyÎa.cztyl-Î'-de.ox.y(idinyiat<i (9) and 
2-(tert-BuXylAoLphonyl]ethyl 4-[1 -ox.yl-Z,2,6,6-tz&uimUhy¿)pipeXLtUnyl 
3'-0-{cUl2 [tert-bu¿yUulphcny¿)Mhy¿} S'-ö-i^vottni/^-cU-l^-dtpfien-
yla.zztyí-2'-dzox.yadíny¿yi)] } N^-cU.pheny¿aceXy¿.-2'-deoKyadínyuUí (Ц) 
The partially protected dimer 8 (300 mg, 0.25 mmoles) was dissolved 
in the standard solution of 5 (which is made up with acetoni t r i l e , 0.5 
M, 1.0 ml). Following the addition of HOBt in THF (0.45 M, 2.8 ml), the 
solution was stirred for 10 minutes at room temperature and then proces­
sed as described for compound 8, but the deprotection at the 5'-site was 
omitted. 
Compound 9 was obtained as an amorphous orange solid. Yield: 320 mg 
(18%). TLC; Rf 0.39 (methanol-dichioromethane= 2:25). 
Starting from compound 10 (450 mg, 0.24 timóles), 456 mg (85%) of com-
pound Π were obtained. TLC, Rf 0 36 (methanol-dichloromethane= 2:25). 
Z-{tert-BwtyUwLphonytiethyt 3'-(W6 cUphenyiac&tyi-5'-0-l4,4'-duneXhoxyi-
tAAXyl-2'-dzoxyadwoiyl) N^-cUphznytaceXyt-Z'-dzoxyadinylcLtz. (8a) 
Compounds 4 and 7 were mixed in the proportion 1,5:1, and then dis­
solved in the standard solution of HOBt for activation of 4: 2.8 ml, 
0.45 M (2.75 eq of the acid) were used to activate 509 mg, 0.495 imiole 
of 4 for phosphitylation of 180 mg, 0.33 imole of 7. The mixture was 
cooled after the elapse of 5 mm to -10 0C and oxidized as described a-
bove in the other applications of 4. 
Following the usual work up but with omission of the detritylation 
step the final chloroform solution was evaporated and subjected to Ogil-
vie's procedure11 for removal of the levulinyl residues· the foamy 
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compound was dried and dissolved in a mixture of pyridine and acetic ac­
id ( 4 : 1 , v/v) containing hydrazine hydrate (0.5 M); 6 ml were used for 
the specified amount. After 5 minutes, the yellow solution was cooled to 
0 0C, and 1.5 ml of pentanedione were added. The resulting green solu­
tion was allowed to reach room temperature and then diluted with a mix­
ture of ether and petroleum ether ( 1 : 1 , 30 ml). 
The precipitated oil was taken up in dichloromethane and subjected 
to flash chromatography using 4% ethanol in dichloromethane as outlined 
above. Yield: 222 mg (48%). TLC, Rf 0.37 (MeOH/CH2Cl2» 2:25). 
^ NMR (90 MHz): (СНз)3С-. s, δΐ.40, 9H; Н^_, m, 62.44-3.11, 4Н; 
а-СН?, m, 63.11-3.30, 2Н; Н5' (5'-terminal), арр. s, 63.38, 2Н; C M - , 
s, 63.76, 6H; H3' (S'-terminal), m, 64.15, IH; H5' (З'^егпИпаТун1*'. 
m, 64.25-4.50, 4H; a-CH2, m, 64.50-4.62, 2Η·, Η3' (5'-terminal). m, 65.28, 
IH; Ph2CHC(0). s, 65.83, 2H; Н ^ . m, 66.39. 2Н; anisyl-H3+Hs, m, 66.76. 
4H; Ph/anisyl-H2+H6, m, 67.26, 29H; Н^ ( 2 x ) , 2 x s , 68.16 and 8.21, 2 x l H ; 
Hf. (2x), 2 x s , 68.62 and 8.69, 2 x l H ; U^H, s, 69.12, 2H. 
Z-(tert-BuXyliuiphonyZ) eXhyl 3'-{H6-diphznyiace¿y¿-Z'-dtoxyadtnoiyt) 
З'-ОА {2-Itert-btityiAulphonyt)eXhyl 4-(I-ox.yl-2,2,6,e-tvfumeXhyl]pip-
eMdinyl} pho&pho>iyt]-Hb-d¿phtnyia.ceXyl-2'-dzoxyade.ny¿cUz (12) and 
2-1tert-8uty¿iulphony¿)&thy¿ 3'-IH^-diphznyuiceXyt-Z'-de.oxycuìe.noAyl) 
3'-0-l3'-0-l{2-(tert-bu¿y¿bulpkomi¿}eXhy¿ 4-l1-oxy¿-2,2,6,6-teXnamUh-
y¿) рірелАЛіпуІ] ркоіркощі] -Hs-(Uphejriy£a.ceXy¿- 2 ' -dioxyadejiytyt] -N6-d¿-
phmyuice¿yl-2'-de.oxyad<Lnylate. (13) 
Using the general procedure delt with for the preparation of compound 
8, 12 was prepared from 6 (497 mg, 0.6 imo!e) and 4 (926 mg, 0.9 rmole), 
and 13 in its turn, from 12 (300 mg). Both compounds were Isolated as 
pale orange solids, in comparable yields: compound 12, 695 mg (78%), 
Rf = 0.28; compound 13, 338 mg (79%), Rf = 0.26. TLC plates were develop-
ed as described before with methanol-dichloromethane» 2:25. 
Ozpn.ote.ctLon and panljícation of¡ the. ipln-bibeZtd rndLzotidzA 
The fully protected nucleotides (100-300 mg) were dissolved in methanol 
(1-2 ml), and concentrated aqueous ammonia (25% w/v, 15-25 ml) was added. 
The in i t ia l ly turbid systems became clear within about 30 seconds. The 
flasks containing the solutions were tightly stoppered and placed in an 
oil bath, maintained at 50 0C, for 18 hours. The solutions were then a l -
lowed to cool to room temperature and were concentrated in. vacuo. 
Needle-like crystals of di phenylacetamide precipitated during the eva-
poration, when most of the aimonia had removed from the solution. At the 
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end of the evaporation, the solid residues were taken up in triethylam-
monium hydrogen carbonate buffer pH 7.6 (0.01 M for the dimers 9a and 
12a; 0.05 M for the trimers l ia and 13a). 
The insoluble reaction products, resulting from the deprotection, 
were removed by f i l t r a t i o n . Each solution was subjected to ion exchange 
chromatography over a column of DEAE Sephadex A25 (НСОз'-cycle). Elution 
of the products was performed with a linear gradient of triethylairnionium 
hydrogen carbonate buffers (pH 7.6), 0.01 to 0.3 M for purification of 
the dimers 9a and 12a and 0.05 to 0.4 M for the triraers 10a and 13a. 
Flow rate, 12 ml/hour, fractions of 3 ml being collected. The frac­
tions were monitored f i r s t by TLC (isopropyl alcohol-ammonia-water= 7:1:2, 
v/v) and then reversed phase HPLC (system 1). 
The fractions containing the pure product were pooled and evaporated 
-¿и vacuo to leave the spin-labeled oligonucleotides as orange solids. 
The compounds were dissolved in bidist i l led water (1-2 ml) and desalted 
using Sephadex G25 (column dimensions, 1.4x60 cm; flow rate, 20 ml/hr. 
The appropriate fractions were combined, passed through a glass col­
umn ( 0 . 5 x 8 cm) containing Dowex-50W X2 (Na+-forni), and finally lyophil-
ized. Yields of the pure deoxyribonucleotide derivatives were determined 
by dissolution of small aliquots of each of the lyophilisâtes separately 
in bidisti l led water for recording their absorbance at 258 nm (λ,^χ for 
9a-13a). From the molecular extinction coefficient found for 9a and 12a 
( ε 2 5 8 = 26.56χ103) and for 11a and 13a ( ε 2 5 8 = 35.70xl0 3 ), the yields were 
calculated to be ca 60%, based on the partial ly protected compounds 9-13. 
EnzymatLe. íigution aj dfUvativeA 9a-?3a 
A small amount of each of the products (3-4 OD258; cf, ref. 6 for a defi -
nition of '0D') , was dissolved in 100 μΐ of a buffer consisting of 0.1 M 
ammonium acetate, pH 5.7 (solution A) or 25 mM Tris-HCl containing МдСІг, 
pH 8.9 (solution В). 
Spleen phosphodiesterase (Sigma, 1 mg/ml water, 5 yl) was added to so­
lution A. Solution В was treated in the same way with snake venom phos­
phodiesterase (Millipore, 50 units/ml, 3 μΐ), Both solutions were incu­




1. S.L. Beaucage and M.H. Caruthers, Tetrahedron Lett. 22, 1859 (1981). 
2a S.P. Adams, K. Kavka, E.J. Uijkes, S.B. Holder and G.R. Galluppi, J. 
Am. Chem. Soc. 105, 661 (1983) 
b B.C. Froeler and M.D. Matteucci, Tetrahedron Lett. 24, 3171 (1983) 
с N.D. Sinha, J. Blernat and H. Köster, Tetrahedron Lett. 24, 5835 
(1983) 
d M.A. Dormán, S.A. Noble, L.J. McBride and M.H. Caruthers, Tetrahe-
dron 40, 95 (1984) 
e S.L. Beaucage, Tetrahedron Lett. 25, 375 (1984) 
f J.-L. Fourrey and J. Varenne, Tetrahedron Lett. 24, 1963 (1983) 
g J.-L. Fourrey and J. Varenne, Tetrahedron Lett. 25, 4511 (1984) 
h W.J. Stec, G. Zon, W. Egan and B. Stec, J. Am. Chem. Soc. 106, 6077 
(1984) 
1 J.E. Marugg, C E . Dreef, G.A. van der Ma rel and J.H. van Boom, Reel. 
Trav. Ch1m. Pays-Bas 103. 97 (1984) 
j J. Ott and F. Eckstein. Nucl. Acids Res. 12, 9137 (1984) 
к S. Josephson, E. Lagerholm and G. Palm, AHa Chem. Scand. B38, 539 
(1984) 
1 M.W. Schwarz and W. Pfleiderer, Tetrahedron Lett. 25, 5513 (1984) 
m G. Kumar and M.S. Poom'an, J. Org. Chem. 49, 4905 XÎ984). 
3a T. Takana and R.L. Letslnger, Nucl. Acids Res. Iß, 3249 (1982) 
b R.L. Letslnger, E.P. Groody, N. Lander and T. Takana, Tetrahedron 
40, 137 (1984). 
4. R.L. Letslnger, J.L. Finnan, G.A. Heavner and W.B. Lunsford, J. Am. 
Chem. Soc. 97. 3278 (1975). 
5. C.A.A. Claesen, G.I. Tesser, C E . Dreef, J.E. Marugg, G.A. van der 
Marel and J.H. van Boom, Tetrahedron Lett. 25, 1307 (1984). 
6. CA.A. Claesen, R.P.A.M. Segers and G.I. Tesser, Reel. Trav. Chim. 
Pays-Bas 104, 209 (1985). 
7. G.I. Tesser and С A.A. Claesen, Dutch Patent Nr 8302353. 
8. CA.A. Claesen, R.P.A.M. Segers and G.I. Tesser, Reel. Trav. Chim. 
Pays-Bas m, 119 (1985). 
9. C.A.A. Claesen, C.J.M. Daemen and G.I. Tesser, Reel. Trav. Chim.· 
Pays-Bas 104, 190 (1985). 
10. В. Chaudhurl, C.B. Reese and K. Weclawek, Tetrahedron Lett. 25, 4037 
(1984). — 
11. K.K. Ogilvie, N.-Y. Theriault, J.-M. Seifert, R.T. Pon and M.J. 
Nemer. Can. J. Chem. 58. 2686 (1980). 
12. R.W. Wien. J.D. Morrisett and H.M. McConnel. Biochemistry 11, 3707 
(1972). 
13. E.A.M, de Jong, C.A.A. Claesen, B.J.M. Harmsen, C.J.M. Daemen, G.I. 
Tesser and C.W. Hilbers, manuscript in preparation. 
14. G.A. van der Marel, Thesis, Leiden (1982). 
15. G.S. T1, B.L. Gaffney and R.A. Jones, J. Am. Chem. Soc. 104, 1316 
(1982). 
99 
"We laXchid upon tini tU.cha.di niacZion, Ьгсешле. ¿ t ¿i one. o¿ 
tkí ¿aoiid сопл oí Oiganic Скетііілу. 
Should It be le.it alomlltli педліу a. сепиілу old [ISSI]". 
Pierre Laszlo and Pascal Pennetreau, 
Tetrahedron Lett. 26, 2645-2648 (1985) 
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Chapter 7* 
OME-STEP PROTECnON Of THE NUCLEOSTVE BASE IM ШМШМЕ AMP URWÏNE 
ABSTRACT 
Unprotected thymidine and uridine react with 4-nitrophenylsul phony! eth-
ene (3) in a base-catalyzed Michael type addition to give O'MZ-H-ni -
trophenylsulphonyljethyl]thymidine (6) and -uridine (7 ) , respectively. 
The 2-(4-n1trophenylsulphonyl)ethyl group is cleaved within 2.5 hours 
at 50-55 0C by concentrated aqueous amnonia, via e-elimlnation. 
IWmWUCTION 
During the past eight years i t has been found out, that the synthesis of 
oligonucleotides v-U the phosphotriester approach can give rise to un-
wanted side reactions tn the Iraide moieties of guanine1"3, игасП11"8 and, 
to a somewhat lesser extent3, thymine9 {Ц Chapter 1.3). These side reac­
tions were shown to arise from the electrophilic attack of condensing-
and phosphorylating reagents conmonly employed in the phosphotriester 
approach1"11. 
As this diff iculty may be solved by protection of the endangered po­
sitions Reese and coworkers recently investigated the 2,4-d1methylphenyl 
and the phenyl group for the semipermanent protection of O1* in uracil and 
thymine, respectively 1 0 · 1 1 . These groups are cleaved during the removal 
of aryl groups from the Internucleotide phosphate residues by oximate. 
Very recently, the 4-nitrophenylethyl group has been proposed by Pf lei-
derer and coworkers for the protection of the O^-atom in the uracil and 
thymine moieties1 3. This protecting group is removed with 1,8-diazabi-
cyclo[5.4.0]undec-7-ene (DBU) in dry pyridine. Protection of the uracil 
Imide moiety also has been achieved at the N3-pos1t1on with (base-labile) 
acyl functions 1 2 · 1 "" 1 6 or with the 2,2,2-tr1chloro-l,l-d1inethylethyloxy-
carbonyl group, which Is cleaved under reductive conditions8. 
»Tetrahedron Lett. 26, 3859-3862 (1985). 
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RESULTS and DISCUSSION 
The introduction of the protecting functions mentioned above into the 
imide functions of uraci l and thymine requires that the sugar moiety of 
the corresponding (deoxy)nucleoside is f u l l y protected. This leads i n ­
evitably to mult i-step procedures for the preparation of desired b u i l d ­
ing blocks. 
Ue now wish to report that 4-nitrophenylsul phenyl ethene ( 3 , Scheme 
7.1) can be used much more easily for the selective protection of O1* in 
the uraci l or thymine residue in the corresponding unprotected nucleo­
sides. 
~ O,N{())SO2CH=CH2 
EtOAC \ ^ 
3 
Scheme 7.1 SyntkeA-U, oi 4-i/UXKophznylbatphonyl eigene 
Compound 3 was prepared in the fol lowing way: nucleophil ic aromatic sub­
s t i t u t i o n of the chlorine atom in p-nitrophenyl chloride (1) with the so­
dium s a l t of 2-mercapto ethanol (3 h r s , 70 0C) gave the corresponding 
thioether which was subsequently oxidized with H2O221 to give c r y s t a l l i n e 
2-(4-nitrophenylsulphonyl)ethanol. Treatment of th is alcohol with an ex­
cess of phosgene in THF17 afforded the chi oroformate 2 in quant i tat ive 
y i e l d . This compound gives, upon з-elimination with tr iethylamine in 
ethyl acetate (10 min, 77 0 C ) , the desired compound 3 as a c r y s t a l l i n e 
sol id (65-705S overal l y i e l d , m.p. 112-113 0 C). 
A s l i g h t excess of compound 3, dissolved in THF, was careful ly added 
to a pyridine solut ion of thymidine (4) or uridine (5) containing a cat­
a l y t i c amount (0.01 eq) of tetrabutylammoni urn hydroxide. After one hour 
at room temperature some Dowex cation exchanger (H+-cycle) was added, 
and the mixture was f i l t e r e d and then evaporated. Flash chromatography 
afforded pure 6 or 7 in 90 and 802, respectively (Scheme 7.2). 
The 0' ,-2-{4-n1trophenylsulphonyl)ethyl group in 6 and 7 is stable t o ­
wards concentrated aqueous or methanol i с ammonia and 0.5 M DBU in dry 
pyridine for at least one hour at room temperature. Moreover, compound 7 
was found completely unchanged under the conditions applied for the re-
1) NaSCfyCHjOH 
— — о2мО>5оасн,сн2ош 
II 
0 
O O-CHjCHjSOjft _)>N02 
M-l.fìJÌ 0 » HO- M σ Інл 
I T j i 2)1. ihr. RT \, J 
HO rf НО ЯІ 
Í Р=СНз , R^H £ R=CH3 . ff=H 
5 R=H . Ff=0H 2 R=H , R=0H 
Scheme 7.2 One ¿iep ptotzction oí thz imidi moiztLu ojj tiiymüLuie. [4] 
and ottkíwe (51 uilng i m the pfiotecXing іеаделі 
raoval18 of the l,l,3,3-tetra1sopropyld1s1loxane-l,3-di-yl (TIPS) protec­
ting group. Complete deprotection of 6 and 7 to give back the starting 
nucleosides can be achieved within 2.5 hours with concentrated aqueous 
amonia at 50-55 0 C t which is used for the removal of the conmonly ap­
plied amino-protective functions. These conditions are quite severe as 
compared to those needed for the removal of the 2-(inethylsu1phony1)eth-
yl group from phosphotr1esters19t20 (ci Chapters 2, 4 and 5 ) . 
The results demonstrate that the l a b i l i t y of a S-functionalized pro­
tecting group not only depends on the acidity of the e-proton, but also 
on the leaving abi l i ty of the eliminated group in question (i.e.. the 
difference in basicity of the (~)o- on phosphate or on the pyrimidine 
ring system). 
We infered from Infra-red spectra that alkylation occurred at the 
O^-position, rather than at the N3-position. The spectra of the two com­
pounds 6 and 7 (cí Fig. 7.1) show a conspicious change in the carbonyl 
region around 1700 cm"1, when compared with the parent nucleosides 4 and 
5. The broad and deep 'trough' around 1690 cm-1 (1600-1750), consisting 
of the symmetric and asymnetric stretching frequencies of the two carb-
onyl groups, the stretching frequency of the imido function (C=N) and 
the α,β-unsaturated site of the pyrimidinyl ring, were resolved into two 
bands (1710 cm"1 med. and 1660 cm"1 strong) following the 'freezing' of 
the tautomeric form in the compounds 6 and 7. These two bands were as­
signed as v(C=0) and v(C=N), respectively. 
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As a f i n a l proof, compounds 6 and 7 were also synthesized via the re­
cently published method of Reese and Skone1 1. Thus, 3' ,5 '-di-0-acety l-
thymidine and 2 ' ,3 ' .B '- t r i -O-acety lur id ine were treated with t r i - t r i a -
zolyl phosphate/triazole/Et3N to give the corresponding 4-tr iazo ly l 
derivatives 10 and 11 as stable c r y s t a l l i n e solids (see Scheme 7.3). 
1800 (CM") 1600 1800 (CM"1) 1600 
Fig. 7.1 СалЬопуІ-ігдА.оп oi ihi ¿п^пл-кеЛ лрес&іа oh илЫіпе. (5, ¿г&і) 








¿ R=H . R'=OAc 
12 R=CH3 . R=H 
ц R=H . R'=OAc 
Scheme 7.3 
The fluorescent compounds 10 and 11 have been described previously 1 1 · 2 2 , 
but have now been ful ly characterized, for the f i r s t time (see experi­
mental part). Treatment of the compounds 10 and 11 with 4 equivalents of 
2- ( 4-ni trophenyl sul phony! ) ethanol i η acetoni t r i 1 e/tnethyl ami ne for three 
days at room temperature or for 16 hours at 80 0C and subsequent hydro­
lysis of the acetyl groups with concentrated aqueous armonía in methanol 
gave the compounds 6 and 7, respectively. 
Probably due to the lower nucleophilicity of the hydroxyl function of 
the attacking e-functionalized ethanol (as compared to the phenoxide ap-
plied by Reese and Skone11 the yields were rather modest. However, i t 
could be proved unambiguously, that the products were Identical (TLC, IR, 
MS, Ή NMR, m.p.) with those obtained according to Scheme 7.2. 
EXPERIMENTAL 
1H NMR spectra were recorded with a Bruker WH90 Instrument, applying 
CDCI3 as the solvent and TMS as the internal standard. Melting points 
were determined with a Tottoli apparatus of the firm BUchi. 
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Mass spectra were obtained with a VG 7070E, using the Fast Atom Bom-
bardement technique (FAB). 
i-{4-n¿ixoph<Lmjl¿iilphonyl)ethyl chlo/ioíotmatí (2) 
To a solution of 20.2 g (0.128 mole) of 4-nitrophenylchloride in 23 
ml (0.327 mole) of 2-mercapto ethanol was added 36 ml of a 4 M solution 
of NaOH in water. The resulting biphasic mixture was stirred for 3 hrs 
at 70 0C under a stream of nitrogen. The mixture was allowed to cool to 
room temperature, ethanol (150 ml) was added along with a solution of 
sodium tungstate in water (14 ml, 2% w/v), and then, hydrogen peroxide 
(40% w/v, 30 ml) was slowly run in. During the addition the temperature 
was not allowed to raise above 60 0C. 
After complete conversion of the parent thioether into the sulphox-
ide (TLC) the bath temperature was raised to 80 °C and a second portion 
of H2O2 (40% w/v, 30 ml) was added dropwise at a rate of Iml/min. After 
the addition, the solution was refluxed for 60 minutes and cooled to 4 °C 
Upon the addition of water (150 ml), yellow crystals precipitated, which 
were recrystallized from hot ethanol (35 ml) affording pure 2-(4-nitro-
phenylsulphonyl)ethanol (22.2 g, 75%; m.p. 124-126 0C). 
A portion of the alcohol (10 g, 0.043 mole) was dissolved in dry THF 
(75 ml) and condensed phosgene (ca 25 ml) was added at -10 0C. The res-
ulting solution was allowed to reach room temperature, stirred for 2 hrs 
and evaporated at a water pump to leave compound 2 as a crystalline mass 
(12.5 g, 99%) which was used as such. 
4-nLtAophMy¿iulphon.y¿ zthznz (3) 
Compound 2 (12.5 g, 0.0426 mole) was dissolved in ethyl acetate (150 
ml). After the addition of a solution of EtjN in THF (40% v/v, 50 ml) , 
the mixture was refluxed for 10 minutes, causing evolution of CO2 and 
precipitation of triethylammonium hydrochloride. The mixture was f i l t e r -
ed, and the f i l t ra te evaporated to leave crude 3 as a crystalline mass. 
Recrystallization from ethyl acetate/diisopropylether 1:4 (v/v) gave 
8.62 g (95%) of pure 3; m.p. 112-113 0C). 
Oh-[2-l4-n¿£Aophe.nylAu¿ph.onyl)ithy¿]thynUnj.ne. (6) and -uiúsUnz (7) 
To a solution of 2 mmoles of thymidine (4) or uridine (6) in a mix-
ture of 8 ml of pyridine and 20 μΐ of a solution of tetralutylanmonium 
hydroxide in water (40% w/v) was added a solution of compound 3 (0.47 g, 
2.2 mmole) in 5 ml of THF. 
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After completion of the addition (5 minutes) the yellow solution was 
stirred for 1 h at ambient temperature. Dowex 50W X2 (0.2g, H+-cycle) 
was added and the resulting mixture was gently shaken for one minute. 
The ion exchanger was f i l tered and the resulting clear solution was eva­
porated leaving a crude residue which was purified by flash chromato­
graphy over silicagel 60H, applying 5% MeOH in CH2CI2 (v/v) as the elu-
ent. 
The fractions containing the nucleoside were pooled and concentrated 
-in vacuo to leave the compounds 6 and 7 as white solids. 
Compound 6: yield = 0.82 g (90%); m.p. 140-142 0C;mass spectrum (FAB+): 
456 (M++1), 478 (M+tNa); Rf = 0.54 (1S% MeOH/CH2Cl2 v/v). 
iH NMR: thymine-СНз. d, 61.89, "J = 0.9 Hz, coinciding with 2 χ OH, 5H; 
H 2 ' , t . 62.32, 3J = 6.7 Hz, 2H; В-СН2, t , 63.62.
 3J = 6.4 Hz, 2H; H^_, t , 
63.91, 3J = 1.5 Hz, 2H; Н ^ , m, 64.0, IH; a-CH2, t , 64.30, 3J = 6.4 Hz. 
2H; H^_, dt, 64.55, 3J = 3 Hz, IH; H ^ \ t , 3J = 6.7 Hz, IH; ] £ , d, 67.38, 
ц 0 = 0.9 Hz, IH; aryl. AABB pattern, 68.30, 4H. 
Compound 7: yield = 0.73 g (80%); m.p. 153-155 0C;mass spectrum (FAB+): 
458 ( H ^ + l ) ; R f - 0 . 4 9 (15% MeOH/CH2Cl2, v/v). 
'H NMR: B-CH,. t , 63.64. 3 J - 6 . 4 Hz, 2H·, H2'/H5'/3 χ ΟΗ/Η 3 ' /^ ' , m, 
63.80-4.15,8H;a-CH2, t , 64.23, 3J = 6.4 Hz, 2H·, H^, d, 65.72, 3J = 8.2 Hz, 
IH; H ^ , d, «5.79, 3J = 4. i Hz, IH; Hf^ , d, 67.92, 3J = 8.2 Hz, IH; a r y l . 
AABB pattern, «8.30, 4H. 
i'-S'-di-O-acetytthymicUne. (8) and 2',3',5'-fU-O-actfytuiitUne. (9) 
To a suspension of 3 nino les of thymidine (4) or uridine (5) and 50 mg 
of N,N-d1methylam1nopyridine in 5 ml of dry pyridine was added acetic an­
hydride (0.65 ml for compound 4; 1 ml for 5). The exothermic reaction 
giving 8 or 9 was complete within 5 minutes. 
After the addition of water (2 ml) the solution was evaporated and 
the resulting residue dissolved in chloroform (25 ml). The organic layer 
was extracted twice with a saturated NaHCOa solution (25 ml portions) 
and once with 25 ml of water. The water layers were combined and extrac­
ted with 10 ml of chloroform. The combined organic layers were dried 
(Na^OiJ and concentrated ÀM vacuo to leave compounds 8 or 9 as waxy 
foams in quantitative yield. 
4-11 ,l,4-Vüazol-i-tjl)-y,5'-di-O-acetyWiimUdviz (10) and 4-(»,2,4-ίΊ-ύι-
zol-1-yZl-2\3\S'-va-U-ac.eXylwiiiLLnt (11) 
The crude acetyl-núcleosi des 8 or 9 were treated with t r i - t r iazo ly l -
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phosphate/triazole/EtaN and worked up according to a published proce­
dure11. The crude products (1Q or 11) were purified by crystallization 
and characterized as follows: 
compound 10: recrystallized from methanol: m.p. 183-185 0C. White 
needles, 0.54 g (48%). R f=0.32 (8% MeOH/CH2Cl2, v/v). Mass spectrum 
(FAB+): 378 (M++1). 
Ή NMR: acetyl-СНз, 2 x s , 62.11 and 2.14, 2x3H; thymi пе-СНз, d, 62.49, 
'•J = 0.9 Hz, 3H; H2_\ m, 62.91, 2H; H 5' coinciding with H4', app. s, 64.43, 
3H; H3', m, 65.25, IH; H1', dd, 6.30, 3J = 5.8 Hz, IH; H 6, d, 68.07, 
'•0=079 Hz, IH; triazolybHj, s, 68.14, IH; triazolyl-H^ s, 69.29, IH 
compound 11: recrystallized from methanol/water 1:1 (v/v): m.p. 
130-135 0C. White needles, 0.65 g (51*). R f=0.36 (8% МеОН/СНгСІ;,, ν/ν). 
Mass spectrum (FAB+): 422 (M++1). 
^ NMR: acetyl-СНз, 3 x s , 62.12, 2.15 and 2.17, 9H; H5'/H''', m, 64.45, 
3H; H 3 '/H 2 ', m, 65.39, 2H; H ^ , d, 67.12. 3J = 3.8 Hz; Hf, d, 67.12, 3J = 
7.2 Hz, IH; tr iazolyl-H 3 , s, 68.14, IH; №, d, 68.21,
 3J = 7.2 Hz, IH; 
triazolyl-Hs, s, 69.27, IH. 
Sytvthe&ii oí compoundá 6 and 7 í>iom 10 and Π , /іелргсЛі еЛу 
Both compounds 10 (0.45 g, 1.19 mmole) and 11 (0.50 g, 1.19 ranole), 
were dissolved In a mixture of 5 ml of CH3CN, 1.4 ml (10 mmole) of t r i -
ethylamine and 1.09 g (4.7 mmole) of 2-(4-m"trophenylsulphonyl)ethanol. 
The two mixtures were devided into two equal portions, one of which was 
stirred for 16 hours at 80 0C. The other portion was stirred for three 
days at room temperature. 
Under both conditions, TLC revealed a partial conversion of 10 as well 
as 11 into compounds having a relatively high Rf-value. The mixtures 
were concentrated ¿n vacuo, the residues dissolved inmethanol (5nil) and the so-
lutions mixed with concentrated aqueous ammonia (5 ml). After standing 
at room temperature for 1 h, the solutions were evaporated. 
The presence of the expected compounds 6 or 7 in the respective resi-
dues was confirmed by TLC. Flash chromatography over silicagel 60H (5% 
MeOH in CH2C12, v/v) yielded pure 6 or 7 in 18 and 20%, respectively. 
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Het c e n t r a l e thema van d i t p r o e f s c h r i f t is de ontwikkeling van f o s f o r ­
bes chermgroepen van het type R'S02CH2CH20- en hun toepassing, met name 
i n de oligonucleotidesynthese. . 
In de peptidesynthese i s reeds eerder gebruik gemaakt van de verwante 
2-(inethylsu1fony1)ethyloxycarbonyl (Msc) groep. Deze zuurstabiele f u n c t i e 
bewijst uitstekende diensten als aminobeschemgroep i n combinatie met an­
dere z u u r l a b i e l e beschermfuncties van het urethaantype. De groep kan - op 
een strategisch bepaald moment - zeer s n e l , en mede daardoor zeer s e l e c ­
t i e f , worden verwijderd met een base via e - e l i m i n a t i e volgens: 
СНз50 2 СН 2 СН 2 0С(0)-Ш 2 — » СНз502СНСН20С{0)-МНК2 — • СНз502СН=СН2+ C02 + H2NR2 
H 
D i t principe b l i j k t eveneens uitstekend bruikbaar b i j de bescherming van 
fosfaatgroepen. Het goed toegankeli jke b. i¿[2-(methylsulfonyl)ethyl] fos -
forochlor idaat (СНэ502СН2СН20)2Р(0)С1 kan worden gebruikt voor de f o s -
f o r y l e r i n g van alcoholen, waaronder ook het aminozuur t y r o s i n e . De aldus 
verkregen f o s f o r t H S s t e r s met de algemene formule (СНгЗОгСНгСНгОЬРІОЬОК3 
kunnen zeer snel worden ontdaan van één of beide Mse-funct ies, afhanke-
l i j k van de hoeveelheid toegevoegde base. 
Met 3 equivalenten OH'-ionen in methanolische oplossing verloopt de 
vol ledige a f s p l i t s i n g van de twee Mse-groepen in minder dan 5 seconden; 
met airnnonia a ls base t reedt een wat minder snel le ontscherming op. Een 
goed voorbeeld van deze snel le en select ieve verwijdering van Mse-groe-
pen i s de synthese van parani t rofenyl fosfaat (Schema 1 ) . 
De ontscherming van de f o s f o r t r i ë s t e r 4 ver loopt , zonder aantoonbare, 
hydrolyse van de eveneens baselabiele paran i t ro feny lester , omdat de nu-
cZe.oiA.eAi cumvat von de bait op het io¿ioiatoom zen veeZ ищеАг leAktit 
¿ь. Deze s e l e c t i v i t e i t i s ook zeer essentieel b i j de ontscherming van 
f o s f a a t r e s t e n i n de synthese van langere DNA-fragmenten ( z i e verderop). 
In de vaste dragersynthese van DNA-fragmenten wordt d i k w i j l s gebruik 
gemaakt van de zogenaamde fosf ie t - t r iës termethode. Voor deze methode 
worden de u i t e r s t reaktieve fosforodichlor id ieten (verbindingen 1 , Schema 
2) gebruikt a ls fosf i ty lerende reagentia. In Hoofdstuk 3 wordt een a lge-
mene methode beschreven voor de synthese van deze reagent ia . De methode 
maakt de (soms gevaar l i jke) d e s t i l l a t i e s t a p overbodig en b l i j k t geschikt 
voor de synthese van R^OzCHzCHzOPCb (met R ^ C H a - , (CH3 )2CH-, (CH 3 ) 3 C- , 
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CH,-so,-CH2-CH,-o^ o - ^ ^ -
л 
CHj-so2-CH,-CH2-o о 
NOj CHj-SO,-CH,-CH,-0 0 - ( ( p - N O j 
CHjO- \ / ^ = ^ 
: » Ρ 




0 \ / 0 ^ y ^ N O j сн,о- CH3-SO2-CH2-CH2-OX ^ ^ O ^ ^ N O l 
Ρ Ρ 
/ ^ / ^ 
A "O O A "O O 
'Ch 
12a А = Na 
А = NH^-C,H„ 
Schema 1 
>—> Cl 
Cl M e j S i N 0 | 
ROPC" ^ ^ » ROP-N O 
^Cl ^-> 
1 2 
11a А = Na 
lib А = NHt 
DmtO\ —OH 
-"• DmtO —OP-N O I ^—f 
OR 
Schema Ζ 
Ph-, РЬСНг- en P-N02-PhCH2-) alsnede van ß-cyanoethyl-, benzyl- en 9-
fluorenylmethylfosforodichloridiet. 
In Hoofdstuk 4 wordt beschreven hoe een aantal van deze reagentia (1) 
kan worden omgezet in de overeenkomstige fosforomorfolidochloridieten 
(2) en hierna in thymidinyl-S'-fosforomorfolidieten (3, Schema 2) . 
De waarde van laatstgenoemde reagentia (met R=een door e-eliminatie 
verwijderbare groep) is vervolgens onderzocht in de synthese van het mo-
del -DNA-fragment decathyraidylaat op een poreuze glasdrager. Het goede 
verloop van de synthese bleek "omgekeerd evenredig" met de grootte van 
R' in R'S02CH2CH2-; de Mse-groep geeft dan ook de beste resultaten. 
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De synthese van biochemisch interessante heterosequenties (waaronder ook 
zogenaamde mixed-probes) wordt beschreven in Hoofdstuk 5. De sleutel in­
termedi ai ren die voor deze synthese zi jn gebruikt ( 3 , Schema 3 ) , dragen 
de Mse-groep ter bescherming van fosfor. 
CHJSOJCHJCHJO-P-N 0 
В I х — ' η 
DmtO-i n i 2 Cl OmfO-i
 n , 






Deze fosforomorfolidieten zi jn gemakkelijk te synthetiseren en uitstekend 
te zuiveren via silicagel-chromatografie. De verbindingen zi jn stabiel en 
goed houdbaar. 
Onder mild-basische condities vindt géén afsplitsing van Mse-groepen 
uit de verbindingen 3 plaats; de fosforamidiet-functie is kennelijk géén 
goede leaving-groep tijdens een e-eliminatie-reaktie. 
Koppelingsopbrengsten liggen tussen 95,5 en 972, als gebruik gemaakt 
wordt van poreuze glasdragers. Fragmenten, variërend in lengte van 19-27 
nucleotiden, zi jn via deze nieuwe methode gesynthetiseerd. De verwijde-
ring van alle Mse-groepen van een volledig beschermd DNA-fragment gebeurt 
met armonia, tegeli jkert i jd met de ontscherming van de geacyleerde ami-
nofuncties in adenine-, су tos 1 ne- en guanine-residuen. 
De methode is routinematig uit te voeren, ook door personen zonder 
organisch-chemische achtergrond; de uitbreiding van een DNA-keten met 
één base-unit vergt ca 5 minuten. 
De snelle synthesesvan korte DNA-fragmenten ¿n optea-ing, via onze gemo-
dificeerde fosforaraidietmethoden, worden beschreven in Hoofdstuk 6. 
Omdat voor een synthese in optoalng beschermde oligonucleotiden een 
goede oplosbaarheid in оідапі&скг cptoAmiAdeZm dienen te bezitten, is 
gebruik gemaakt van de relat ief hydrofobe 2-(ieA-t-butylsulfonyl)ethyl-
groep (Btse) voor de bescherming van fosfor. De methode is toegepast in 
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Scíiema 
Uitgaande van вЦеОРСІг z i j n de nieuwe fosf i ty lerende reagentia 4 en 5 
(Schema 5) gesynthetiseerd. 
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Deze reagentia z i j n de bouwstenen in de synthese van 9a-13a. De a f s p l i t ­
sing van de ßtse-groep van fosfor t r ies ters met ammonia is wederom snel 
en vo l led ig , en bovendien compatibel met het N-oxyl-residu. Deze ont-
scherming door g-eliminatie - bv. van verbinding 13, Schema 6 - verloopt 
zo snel dat sp l i ts ing van de internucleotide fosfaatband door anchimere 
hulp van de S'-OH-groep geheel achterwege b l i j f t . 
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De nucleotiden 9a-13a van Schema 4 zi jn met succes toegepast in biofy-
sisch onderzoek. 
In het laatste hoofdstuk van dit proefschrift wordt aandacht besteed aan 
de Michael-type-reaktie van paranitrofenylvinylsulfon ( 3 , Schema 7) met 
0 NaSCH2CH2OH 







N 0 > s o , C M = C H i 
II 
o 
1 2 3 
N0, 
,|0 K^o ') Bu*N0H 
Ύ 4 i)¿.ihr.HT 
4 R=CH, . R'=H 
5 R=H . I<=0H 
O-CH.CHjSO,! 
НІІ 
i R=CM, . (Í-M 
2 R-H . ri-он 
Schema. 7 
thymidine en uridine. Paranitrofenylvinylsulfon is op betrekkelijk een­
voudige wijze te synthetiseren door β-ellmlnatle van Z-(4-nitrofenylsul-
fonyl)ethyloxycarbony1ch1oride 2 (Schema 7) dat zelf wordt verkregen uit 
2-(4-nitrofenylsulfonyl)ethanol en fosgeen. 
Volledig onbuckvmd thymidine (4) of uridine (5) reageren selectief 
met de Michael-acceptor onder vorming van 01'-[2-(4-nitrofenylsulfonyl)-
ethyl]-uridine (7) of -thymidine ( 6 ) . Deze basen zi jn effectief beschermd 
tegen ongewenste nevenreakties in hun amidefunkties, die op kunnen treden 
in de fosfortriëstermethode (zie Hoofdstuk 1). 
De beschermgroep kan weer worden verwijderd met geconcentreerde аліло-
nia onder dezelfde condities die gebruikt worden voor het ontschermen 
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de mond, maakt het hoAt gezond", níet atttjd op hoeit te gaan. 
I . Mikaye, K. Kouge, H. Kanehisa en H. Okai, Buil. Chem. Soc. Jpn. 57, 
815-818 (1984). — 
X 
VaniLLt cotmeACyLeet oogpunt gez-ten, veJidcent het aanbeveling om "bimlduig 
btocki" vooA. otÁ^onaci.eotide-iynthe¿etevooizA.envanbeÁdieAmgtoepen met 
een zo hoog mogetijk mole.cuulgeuu.cht. 
XI 
Wegenò een ondeA èpoKttieihebbeu vaak voorkomende Ьед>и.р& елшл>и.пд 
dient men bij voo/ikewi te ¿pieken о ел. "honkbat" en met oven. "baòebatt". 
XII 
Gezien de ¿í&ítijd van ¿oraiutge ¿eden van hit Koimltze. KindeAvulit zou 
de ¿pícÁi^catiz Pappa- ей MamavwUt теел. op zijn piaatb zijn. 
XIII 
Pe wiXipxaak van He¿í>Uck·. "It ¿6 beXteA ta be bap>iic¿ieZy tUght than 
to be. рп.еелле£у mong", mag dan wei opgaan bij "computeA-aiiíited ma-
nagement}', -¿η de honk- en &0{іЬаІалЬАЛяаде zcüLzij onheAioepeLLjk Lei-
den tot onheAitelbaoA gezidnJUvetUieA. 
Drs A.C. Helfrich, Het Financieele Dagblad, 7 november 1985. 
XIV 
Spet^ooten, dooi kindeAen gemaakt, wolden in de tegenwooidige tijd niet 
теел a^geitAait dooA ¿еллАеп, maan. daoA de computeA... 
XV 
Pe be&titingdien&t had haoA imago bij het pabtiek aanzienlijk feunnen 
veAbeteten, ati zij aan de onlangi toegekende iiiaaZe mumeAi een ¿o-
teAij zou hebben veAbonden. 
СA.A. Claesen, 23 januari 1986 



